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Resumo 
A saliva é de grande importância para funções como mastigação, fala, deglutição e 
para a saúde bucal. Assim, o objetivo deste estudo foi avaliar as características salivares tanto 
em condições saudáveis, quanto nas alterações metabólicas e os resultados estão apresentados 
em três artigos. O artigo 1 apresenta a avaliação de parâmetros físico-químicos salivares, 
força de mordida, performance mastigatória e sensibilidade gustativa (SG) em 116 indivíduos 
pré-púberes com peso normal. A força de mordida e performance mastigatória foram 
avaliadas utilizando-se gnatodinamômetro digital e técnica de peneiragem. Fluxo, pH, 
concentrações de proteína total (PT), amilase (AMI), cálcio (CA) e fósforo (FO) foram 
determinados em saliva estimulada (SE) e não-estimulada (SNE). SG foi avaliada pela 
detecção dos limiares dos quatro sabores primários (doce, amargo, salgado e azedo). A idade 
correlacionou-se positivamente com a SG. CA e FO correlacionaram-se negativamente com 
fluxo e pH salivares. O sabor doce correlacionou-se com a concentração de AMI, enquanto a 
sensibilidade ao amargo correlacionou-se positivamente ao fluxo de saliva NE. Os resultados 
mostraram que houve fraca associação entre performance mastigatória e força de mordida e 
não houve diferença significativa entre os gêneros para os parâmetros avaliados, enquanto a 
concentração de certos analitos salivares correlacionou-se com o fluxo, pH e sensibilidade 
gustativa. O artigo 2 apresenta o estudo das características salivares e SG (doce, amargo, 
salgado e azedo) de 310 de 7 a 10 anos de idade divididas em três grupos - eutrofia, sobrepeso 
e obesidade - verificando-se a associação desses parâmetros com a porcentagem de gordura. 
Foram determinadas as concentrações de PT, AMI, CA, FO, uréia e triglicerídeos em SE e 
SNE. A SG e fluxo salivar não diferiram entre os grupos; o pH da SE foi menor nos obesos 
quando comparado ao grupo sobrepeso. Observou-se relação negativa entre a porcentagem de 
gordura e Δ fluxo salivar (SE-SNE) e a concentração de FO na SNE. Sendo assim, as 
características salivares podem diferir entre indivíduos com diferentes pesos corporais e 
relacionar-se com o excesso de peso. O artigo 3 apresenta o estudo da resposta inflamatória de 
fibroblastos orais humanos (HGF-1) em contato com três salivas artificiais (SA I, II e III) 
disponíveis comercialmente em modelo in vitro e tendo a saliva humana como controle. A 
expressão de citocinas foi avaliada por meio de PCR-array, PCR em tempo real e 
imunoensaio (utilizando-se um painel de 12 citocinas pró-inflamatórias). Após um tempo de 
exposição pré-definido de 120 segundos, observou-se baixa viabilidade celular frente à SA 
III. A expressão dos marcadores inflamatórios não diferiu entre os tratamentos na análise 
gênica (PCR-array), mas uma redução significativa nos níveis de citocinas secretadas foi 
observada nos tratamentos com SA I e SA II, com uma resposta anti-inflamatória robusta 
  
frente à SA II; efeito este que pode ser favorável em casos de pacientes que apresentam 
hipossalivação e ulcerações bucais.  
Palavras-Chave: Saliva. Saliva Artificial. Obesidade. Sensibilidade gustativa. Fibroblastos. 
Performance mastigatória. 
  
Abstract  
Saliva is essential for chewing, speaking, swallowing and oral health. Thus, the aim of 
this study was to evaluate the salivary characteristics in healthy condition and metabolic 
changes. The results are presented in three manuscripts. Manuscript 1 shows the evaluation of 
physicochemical salivary parameters, bite force, masticatory performance and gustatory 
sensitivity (GS) in 116 prepubertal individuals with normal-weight. Bite force and 
masticatory performance were evaluated using digital gnatodynamometer and sieving method. 
Salivary flow rate, pH, total protein (TP), amylase (AMY), calcium (CA) and phosphorus 
(PHO) concentrations were determined in stimulated (SS) and unstimulated saliva (US) by 
automated technique. GS was evaluated by identifying the primary tastes (sweet, bitter, salty 
and sour). Positive correlation between taste sensitivity and age was observed. CA and PHO 
correlated negatively with salivary flow and pH. Sweet taste scores correlated with AMY 
concentration; bitter taste sensitivity correlated positively with US flow rate. A weak 
association between masticatory performance and bite force was observed and there was no 
significant difference between genders for the parameters evaluated. The concentration of 
some analytes correlated with saliva flow, pH and gustatory sensitivity. Manuscript 2 presents 
the study of salivary characteristics and GS (sweet, bitter, salty and sour) of 310 children, 7-
10 years old, classified as normal weight, overweight and obese, assessing the association of 
these parameters with fat percentage. Salivary flow rate and pH were determined in SS and 
US, as well TP, AMY, CA, urea, triglycerides and PHO. GS and salivary flow did not differ, 
while SS pH was lower in obese than in overweight. It was observed negative relationship 
between fat percentage and Δ salivary flow (SS-US) and US PHO concentration. Thus, some 
salivary characteristics may differ among children with different body weights. The 
manuscript 3 shows the study of inflammatory response of human oral fibroblasts (HGF-1) in 
contact with artificial saliva (AS I, II and III) an in vitro model. Human saliva was used as 
control and three AS were treated in HGF-1 in culture medium. The expression of cytokines 
was assessed by PCR array analysis, Real-Time PCR and immunoassay (using a panel of 12 
pro-inflammatory cytokines). After a predefined exposure time of 120 seconds, cells 
incubated in AS III presented low viability. In PCR array analysis, the expression 
of inflammatory markers did not differ between treatments; however, a significant reduction 
in abundance of the protein levels was observed for AS I and AS II compared to control, with 
a robust anti-inflammatory response to AS II; an effect that may be favorable for patients with 
hyposalivation and mouth ulcers.  
Key Words: Saliva. Artificial Saliva. Obesity. Gustatory sensitivity. Fibroblasts. Masticatory 
performance. 
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1 INTRODUÇÃO 
A saliva é produzida principalmente por três pares de glândulas: parótidas, 
submandibulares e sublinguais. Juntas, essas glândulas secretam de 90 a 93% do volume total 
da saliva. O restante é produzido pelas glândulas salivares menores, as quais estão distribuídas 
pela cavidade oral. A mistura dos fluidos orais é conhecida como saliva total que, além dos 
constituintes de origem salivar, também contém fluido crevicular, células sanguíneas, 
bactérias e seus produtos, células epiteliais descamadas, vírus, fungos, restos alimentares e 
secreções provenientes do trato respiratório (Dawes, 2008; Nicolau, 2009). É sabido que 
alterações metabólicas podem influenciar a síntese, composição e secreção salivares. Segundo 
Navazesh et al. (1996), as doenças sistêmicas, assim como a presença e a duração de 
tratamentos farmacológicos, afetam significativamente o fluxo salivar estimulado e não 
estimulado.  
A obesidade é uma condição crônica que envolve fatores sociais, 
comportamentais, ambientais, culturais, metabólicos e genéticos. É caracterizada pelo 
desequilíbrio energético prolongado resultando em acúmulo de gordura corporal e causado 
pela ingestão em excesso de calorias e/ou inatividade física (Monteiro et al., 2001). A 
prevalência de sobrepeso e obesidade vem aumentando rapidamente no mundo, sendo 
considerada um importante problema de saúde pública tanto em países desenvolvidos como 
em desenvolvimento (Pinheiro et al., 2004). Em 2014, mais de 1,9 bilhão de adultos, com 
idade acima de 18 anos, estavam acima do peso e mais de 600 milhões eram obesos. A 
prevalência mundial de obesidade mais do que dobrou entre 1980 e 2014 (OMS, 2015). A 
obesidade e, em particular, a obesidade abdominal, são em geral acompanhadas por elementos 
de síndrome metabólica, incluindo resistência à insulina, hipertensão e dislipidemia, além de 
estarem associadas ao aumento no risco de doenças inflamatórias crônicas como diabetes 
mellitus tipo 2, aterosclerose, câncer e desordens respiratórias, em adultos (Baker et al., 2007; 
Fontaine et al., 2003; Modéer et al., 2010). A obesidade infantil aumenta a probabilidade de o 
indivíduo tornar-se um adulto obeso. Com base nos resultados de Ramanathan et al. (2016), a 
hipertensão não é mais uma doença que surge numa fase tardia da vida. Ela tem suas raízes no 
jovem. É crucial aconselhar crianças obesas para modificarem seu estilo de vida com relação 
à dieta, exercício e ingestão de sal para manter uma pressão arterial normal e evitar o 
aparecimento na infância da hipertensão do adulto (Ramanathan et al., 2016). 
A saliva tem sido estudada extensivamente como uma potencial ferramenta de 
diagnóstico, devido a sua facilidade de acesso e técnica não-invasiva, e por sua abundância de 
biomarcadores, como o material genético presente e suas proteínas (Javaid et al., 2016). Em 
15 
 
 
crianças e adolescentes portadores de diabetes tipo I, observou-se redução tanto no pH salivar 
quanto no fluxo de saliva não-estimulada (Moreira et al., 2009), sendo que uma redução no 
pH salivar também foi observada em mulheres obesas (Tremblay et al., 2012). Além disso, o 
estudo de Pannunzio et al. (2010) observou que crianças com sobrepeso e obesas 
apresentaram alterações nas concentrações salivares de fosfato, ácido siálico livre e proteínas, 
sendo condições que podem levar ao desenvolvimento de lesões de cárie em indivíduos 
propensos. 
A fragmentação e umidificação do alimento com a saliva é a principal função da 
mastigação, mas esta também envolve sensações relacionadas ao sabor e ao prazer de comer 
(Pereira et al., 2006). O paladar é o primeiro aspecto pelo qual as crianças determinam a 
aceitação pelo alimento, desempenhando papel essencial no comportamento alimentar. Em 
um contexto evolutivo, tem a função importante de identificação: sabor doce remete ao 
alimento calórico, enquanto o sabor amargo, muitas vezes, remete a substâncias tóxicas, por 
isso é aversivo (Drewnowski, 1997; Mennela et al., 2005; Overberg et al., 2012). O fluxo 
salivar pode modificar a concentração dos saborizantes pelo efeito de diluição, aumentando 
ou diminuindo a percepção do sabor (Heinzerling et al., 2011). A saliva participa também da 
formação do bolo alimentar e pessoas com função mastigatória deficiente deglutem partículas 
grandes de alimento ou alteram sua dieta, evitando os mais difíceis de serem mastigados 
(Laurin et al., 1994). Isto pode resultar no decréscimo da absorção de nutrientes, pois é na 
boca que se inicia o fenômeno físico-químico do processo digestório (Laurin et al., 1994; 
Papas et al., 1998; Budtz-Jorgensen et al., 2000). 
A hipossalivação pode causar desconforto e dor durante a mastigação, deglutição 
e fala e, para isso, a saliva artificial tem sido empregada por conter substâncias que umedecem 
a boca seca; embora seja um tratamento paliativo, proporciona aos indivíduos alívio dos 
sintomas e redução do desconforto (Silva et al., 2012). A saliva artificial tem sido indicada 
para pacientes oncológicos e idosos que se utilizam de muitos medicamentos (polifarmácia) e, 
apesar de bastante utilizada, poucos estudos exploraram a resposta das células que compõem a 
mucosa oral quando em contato com estes substitutos salivares (Malpass et al., 2013; Muller 
et al., 2015).  
Alguns estudos mostraram que o excesso de peso pode estar relacionado a 
alterações nas características orais específicas do indivíduo, como a secreção e composição 
salivares e a sensibilidade gustativa (Pannunzio et al., 2010; Overberg et al., 2012; Tremblay 
et al., 2012). A secreção salivar, o desempenho da mastigação e da deglutição adequados são 
de grande importância para a saúde geral do indivíduo, uma vez que afetam a digestão do 
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alimento e tem potencial influência sobre seu estado nutricional. Dessa forma os objetivos 
deste estudo foram: 
 Avaliar a relação entre parâmetros salivares, mastigatórios e a sensibilidade gustativa 
em crianças com peso normal, livres de cárie e sem necessidade de tratamento ortodôntico, 
como forma de se obter a descrição destes parâmetros em pré-púberes saudáveis; 
 Avaliar a função e composição salivares e a sensibilidade gustativa em pré-púberes 
classificados como peso normal, com sobrepeso e obesidade, verificando-se a associação 
destes parâmetros salivares e gustativos com o excesso de peso; 
 Verificar a resposta inflamatória de salivas artificiais comercialmente disponíveis em 
fibroblastos orais humanos em um modelo in vitro. 
___________________________________________________________________________ 
1Esta tese foi apresentada no formato alternativo de acordo com as normas estabelecidas pela deliberação 001/2015 da 
Comissão Central de Pós-Graduação da Universidade Estadual de Campinas.   
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Abstract 
Objective. To better understand salivary and masticatory characteristics, this study aimed to 
evaluate the relationship between salivary parameters, bite force, masticatory performance 
and gustatory sensitivity in healthy children. The secondary outcome was to evaluate possible 
gender differences. Materials and Methods. 116 eutrophic children aged 7-11years old were 
evaluated, caries-free and with no definite need of orthodontic treatment. Salivary flow rate 
and pH, total protein (TP), alpha-amylase (AMY), calcium (CA) and phosphorus (PHO) 
concentrations were determined in stimulated (SS) and unstimulated saliva (US). Bite force 
and masticatory performance were evaluated using digital gnatodynamometer and sieving 
method, respectively. Gustatory sensitivity was determined by detecting the four primary 
tastes (sweet, salty, sour and bitter) in three different concentrations. Data was evaluated 
using descriptive statistics, Mann-Whitney/t-test, Spearman correlation and multiple 
regression analysis (α<0.05). Results. Positive correlation between taste and age was 
observed. CA and PHO concentrations correlated negatively with salivary flow and pH. 
Sweet taste correlated positively with AMY concentrations; bitter taste sensitivity correlated 
positively with US flow rate. No significant difference between genders in salivary, 
masticatory characteristics and gustatory sensitivity was observed. The regression analysis 
showed a weak relationship between the distribution of chewed particles among the different 
sieves and bite force, and no significant association with salivary flow was observed. 
Conclusions. The concentration of some analytes may be associated with salivary flow, pH 
and gustatory sensitivity; exploratory studies are important to better understand the 
masticatory and salivary functions, obtaining parameters from healthy children to help the 
early detection of alterations. 
 
Keywords: Saliva, Gustatory perception, Mastication. 
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Introduction 
Saliva is an exocrine secretion of the salivary glands, containing water, electrolytes, 
proteins, and enzymes. It provides sensory perception of food, and aids chewing, swallowing, 
and digestion of food [1]. The salivary flow rate is critical for the maintenance of whole body 
health; it helps bolus formation by moistening food, protects the oral mucosa against 
mechanical damage, plays a role in preliminary digestion and has defense functions against 
pathogen microorganism [2]. 
The reduction of food particles is determined by a complex multifactorial process, 
which depends on such factors as bite force, the coordination of chewing muscles, 
craniofacial morphology, the number of occluding pairs of teeth [3], and may be influenced 
by saliva flow rate [4]. Bite force is one of the components of the stomatognathic system and 
has been used as a reliable parameter to evaluate the functional characteristics of the 
masticatory muscles [5]. According to the literature, it is assumed that bite force is related to 
the integrity of the mastication muscles; therefore, a greater bite force would result in a more 
efficient mastication [5]. 
The fragmentation and humidification of food is the primary function of mastication, 
when taste and food texture are perceived, which influence chewing process [6]. Taste is a 
primary aspect by which children determine food acceptance and plays an essential role in 
eating behavior [7]. As there is a mutual relationship between saliva flow and diet, food does 
not only influence salivary flow, but saliva can also affect sensory perception. 
Proper salivary, chewing and swallowing functions are of great importance, since they 
affects food’s digestion and has potential influence on subject’s nutritional status. Few studies 
have evaluated the salivary physicochemical properties in healthy children. Thus, the aim of 
this study was to describe and evaluate the relationship between salivary function and 
composition, bite force, masticatory performance and gustatory sensitivity in health children; 
the secondary outcome was to evaluate possible gender differences in the studied parameters. 
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Material and methods 
Sample  
A convenience sample of 116 prepubertal eutrophic children aged 7-11years was 
selected (64 girls/52 boys) from public schools of Piracicaba, Brazil. The procedures, possible 
discomforts or risks, as well as the possible benefits, were fully explained to the children and 
their parents ⁄ guardians, and the Ethics Committee of Piracicaba Dental School approved the 
study (Protocol No. 017⁄ 2012). Informed consent was obtained from all individual 
participants included in the study. 
The inclusion criterion was: prepubertal children with mixed dentition. The exclusion 
criteria were pain of dental origin, premature tooth loss, anomalies of shape, number, 
structure, tooth decay, trauma, and soft tissue abnormalities; presence of systemic disturbance, 
cerebral palsy, among others; current use of medications; use of dental prostheses; previous 
orthodontic treatment and girls who had been through menarche. 
The sample size calculation was based on results from a pilot study, which included 19 
healthy children aged 7-9 years, caries-free and with no definite orthodontic treatment need, 
which were not included in the final sample. Considering a correlation coefficient between BF 
and MP equal to -0.30, power=0.80, and alpha level 0.05, it was found that 86 children would 
satisfy the adopted criteria. A second calculation considered a correlation coefficient between 
gustatory total score and salivary flow rate equal to 0.37, power=0.80, and alpha level 0.05; it 
was found that 56 children would be sufficient. The largest sample size was chosen, and the 
final sample included was 20% higher to prevent losses.    
Anthropometric evaluation involved the measurements of stature and weight by means 
of a digital stadiometer. The body mass index (BMI=kg/m
2
) was calculated in order to include 
only eutrophic children, according to the reference data BMI-for-age and sex (5-19 years) [8]. 
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Caries experience was evaluated by determining the number of decayed, missing and 
filled teeth for permanent and primary dentitions (DMFT and dmf-t), respectively [9]. 
Children with decayed and/or missing teeth were not included. 
The Index of Orthodontic Treatment Need - Dental Health Component (IOTN-DHC) 
was used for occlusion evaluation. The DHC registers, using a millimeter probe, the occlusal 
characteristics of a malocclusion that harm the teeth and adjacent structures. There are five 
grades, from score one (there is no need for treatment) up to score five (there is a great need 
for treatment). This index serves as basic guide for an impartial judgment of the malocclusion 
[10]. Children with definite treatment need (scores 4 and 5) were not included. 
 
Saliva collection and biochemical analysis 
Stimulated (SS) and unstimulated (US) saliva were collected in the morning, with all 
children having refrained from eating, drinking or brushing their teeth for a minimum of 2h 
before collection. They were trained to avoid swallowing saliva and asked to lean forward and 
spit all the US produced for five minutes into a cooled tube, through a glass funnel. After, SS 
was collected by chewing on 0.3g of an inert and tasteless material (Parafilm, Merifeld, 
USA). SS and US flow rates were defined as the volume of saliva secreted per min (mL/min).  
Salivary pH was determined immediately after collection, using a portable pH-meter 
(Orion 3 Star Benchtop, Thermo Electron Corporation, USA). Next, the samples were 
centrifuged, fractionated and frozen for further analyses (-80ºC), according to previous 
methodology [11]. Alpha-amylase (AMY) concentration was determined by measuring the 
enzymatic activity in diluted saliva (1:25). Total protein (TP), calcium (CA) and phosphorus 
(PHO) concentrations were determined by colorimetric methods (ELI Tech, Seppim SA, 
SEES, France) in pure saliva and automated technique (Vital Scientific, Dieren, Switzerland) 
at the Clinical Analyses Laboratory of ABC Medical School (Santo André, Brazil). 
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Assessment of gustatory sensitivity 
The perception of four different tastes was obtained at three different concentrations: 
salty - sodium chloride (0.1; 0.04; 0.016 g/mL), sweet - saccharose (0.2; 0.1; 0.05 g/mL), sour 
- citric acid (0.165; 0.09; 0.05 g/mL), bitter - quinine hydrochloride (0.0024; 0.0009; 0.0004 
g/mL), totaling 12 taste solutions which were administered with a dropper (three drops) at the 
middle of the tongue. This methodology (“Three-drop-method”) was adapted from Mueller et 
al.[12], who described a validated method with four different concentrations for each taste. 
The reduction in the number of tests (16 to 12 tastants) was employed to adapt the method for 
children, since the use of 16 tastants showed to be very tiring in the pilot study. The solution 
of higher concentration of each flavor was excluded. 
The child was presented with each tastant and then selected the flavor among four 
options: sweet, salty, bitter or acid (sour). The sequence of administration was randomized 
across trials and all flavors have been tested in increasing concentrations. Between tests, the 
participant was instructed to drink a cup of mineral water in order to avoid interactions 
between the taste stimuli; the interval between the exposures of each taste was 1 min. For 
each test correctly identified, the child received 1 (one) point, and incorrect responses, either 
by failing to identify the flavor or have it confused with another flavor, not scored points 
(maximum of 12 points). 
 
Maximal Bite Force 
Maximum unilateral BF was assessed with a digital gnathodynamometer (Digital 
Dynamometer DDK, Kratos Equip. Ind. Ltda., Cotia, Brazil), using a fork strength of 10 mm 
connected to a digital device. The children were instructed to bite the fork as forcefully as 
possible in each side of the dental arches (left/right). The recordings of each side were 
performed two times at the level of the first permanent molars. The maximum value for each 
side was considered, with an accuracy of 0.01 N. 
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Masticatory performance determination 
Masticatory performance was assessed by the determination of the individual capacity 
of fragmentation of a test-food (Optocal) [13]. The components were blended and placed in 
metal moulds with cubic compartments measuring 5.6mm, under mechanical pressure. The 
children received 10 cubes, which were chewed for 20 mastication cycles. After drying, the 
fragmented particles were removed from the paper filter, weighed and passed through a series 
of 10 granulometric sieves with meshes ranging from 5.60 mm to 0.71 mm, connected in 
decreasing order and closed with a metal base. The particles were placed in the first sieve of 
the series and the set was maintained under vibration for 20 min (Anexo 3). The particles 
retained on each sieve were removed and weighed on an analytical scale with a precision of 
0.001 g. The distribution of the particles by weight was described by a cumulative function 
(Rosim–Ramler equation). The degree of fragmentation of the material is given by the median 
particle size (X50), which is the aperture of a theoretical sieve, through which 50% of the 
weight of the fragmented material could pass, and “b”, the distribution of particles in the 
different sieves [14]. 
 
Reliability of the studied variables  
For assessment of method error of the studied variables, the intraclass correlation 
coefficient (ICC) were calculated from data obtained from 25 children (7 to 10 years old) not 
included in the studied sample, on two separate occasions at an interval of 15 days (BioEstat 
5.0; Mamirauá, Belém, PA, Brazil). ICCs gustatory sensitivity and salivary parameters are 
shown in Table I. The following criteria were adopted: ICC<0.2, poor; 0.21-0.40, weak; 0.41-
0.60, moderate; 0.61-0.80, substantial, and 0.81 to 1.0, excellent to perfect [15]. For the 
evaluation of dental status (dmft/DMFT index), agreement was assessed by Kappa test. 
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Table I. Reliability of the studied variables assessed 
Clinical variables 
Intraexaminer 
ICC 
Intraexaminer 
Kappa 
DMFT/ dmft - 0.97 
Gustatory sensitivity 0.92 - 
Salivary flow 0.81 - 
Salivary pH 0.70 - 
DMFT and dmf-t number of decayed, missing and filled teeth for permanent 
and primary dentitions, respectively. 
 
Statistical Analysis 
Statistical analysis was performed using BioEstat 5.0 (Mamirauá, Belém, PA, Brazil) 
and SigmaPlot 11 (Systat Software Inc., Chicago, EUA) with a 5% significance level. 
Descriptive statistics analysis (mean, standard deviation, median, interquartile range) and 
normality test (Shapiro- Wilk) were applied. 
The differences in salivary, masticatory and gustative variables between genders were 
verified using t-test or Mann-Whitney Rank Sum test, where appropriate. A Spearman 
correlation matrix was obtained between salivary flow rate, pH, salivary biochemical 
composition and gustatory sensitivity scores.  
A regression analysis with stepwise backward elimination was used to test the 
relationship between the component "b" (distribution of chewed particles in the different 
sieves) and the studied variables: age, stage of dentition, gender, salivary flow rate and bite 
force. 
 
Results  
The description of clinical and masticatory characteristics of the sample is shown in 
Table II, with no significant difference between boys and girls. Table III shows the 
descriptive data of gustatory sensitivity for both genders. A significant positive correlation 
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between total gustatory score and age (r = 0.3026; p-value = 0.0014) was observed. That is, 
higher the age, greater the gustatory sensitivity. 
 
Table II. Clinical and masticatory characteristics according to gender 
 
Girls 
(n=64) 
Boys 
(n=52) 
p value 
Mean 
(SD) 
Median 
(25-75%) 
Mean 
(SD) 
Median 
(25-75%) 
Age (months) 
111.97 
(11.60) 
- 112.35 
(13.48) 
- 
0.88† 
BMI (Kg/m2) 
16.40 
(1.30) 
- 16.12 
(1.30) 
- 
0.26† 
X50 - 
3.07 
(2.56-3.69) 
- 
3.24 
(2.90-4.20) 
0.07‡ 
B - 
2.15 
(1.89-2.46) 
- 
2.18 
(1.86-2.47) 
0.86‡ 
Bite force  
(mean of left/right side) 
- 
259.76 
(202.41-367.28) 
- 
268.51 
(227.15-363.20) 
0.41‡ 
BMI, body mass index, X50,median size of test food particle; b, broadness/distribution of particles in the different sieves. 
† t-test 
‡ Mann-Whitney Rank Sum Test 
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Table III. Descriptive data of gustatory sensitivity and gender comparison 
 25% Median 75% p value† 
Sweet taste scores (range 0-3)    0.24 
Girls 2.0 3.0 3.0  
Boys 2.0 3.0 3.0  
Bitter taste scores (range 0-3)    0.64 
Girls 2.0 3.0 3.0  
Boys 2.5 3.0 3.0  
Salt taste scores (range 0-3)    0.37 
Girls 2.0 3.0 3.0  
Boys 1.0 3.0 3.0  
Sour taste scores (range 0-3)    0.44 
Girls 3.0 3.0 3.0  
Boys 2.0 3.0 3.0  
Total score (range 0-12)    0.64 
Girls 9.0 11.0 12.0  
Boys 8.0 10.0 12.0  
† Mann-Whitney Rank Sum Test 
 
Table IV shows the descriptive data of salivary biochemical analysis; they also did not 
show significant difference between genders. According to the Spearman correlation matrix 
obtained (Table V), it was observed that CA and PHO correlated negatively with saliva flow 
rate and pH. 
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Table IV. Descriptive data of salivary biochemical analysis and gender comparison 
 
Girls 
(n=64) 
Boys 
(n=52) 
p value† 
Median 
(25-75%) 
Median 
(25-75%) 
US flow rate (mL/min) 0.51 (0.34-0.76) 0.48 (0.34-0.72) 0.67 
SS flow rate (mL/min) 0.80 (0.60-1.11) 0.79 (0.61-1.14) 0.77 
US pH 7.02 (6.86-7.18) 7.12 (6.88-7.21) 0.38 
SS pH 7.31 (7.17-7.44) 7.37 (7.25-7.47) 0.53 
US Amylase (U/L) 1977.50 (1114.75-2845.50) 1724.00 (978.50-2863.50) 0.83 
SS Amylase (U/L) 2122.00 (1366.00-3070.00) 1761.50 (1153.25-2638.75) 0.44 
US Calcium (mg/dL) 2.05 (1.43-3.13) 1.75 (1.00-3.15) 0.29 
SS Calcium (mg/dL) 1.30 (0.90-2.00) 1.45 (0.85-2.22) 0.79 
US Phosphorus (mg/dL) 12.55 (9.25-16.23) 11.10 (9.83-13.78) 0.39 
SS Phosphorus (mg/dL) 9.80 (7.70-12.20) 9.50 (8.20-10.88) 0.54 
US Total Protein (mg/dL) 42.70 (32.45-57.85) 32.45 (26.60-55.10) 0.12 
SS Total Protein (mg/dL) 39.90 (23.80-51.90) 31.65 (24.60-51.93) 0.55 
US, Unstimulated Saliva; SS, Stimulated Saliva 
† Mann-Whitney Rank Sum Test 
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Table V. Correlation matrix showing the coefficients between salivary flow rate and pH and 
biochemical parameters 
 
r, Spearman correlation coefficient; US, unstimulated saliva; SS, stimulated saliva. 
 
 
   
The correlation between the four tastes scores and the biochemical composition of 
saliva was also tested. It was observed that sweet scores correlated positively with AMY 
concentrations in US saliva (r=0.2119; p=0.0487). In addition, bitter taste sensitivity 
correlated positively with US flow rate (r=0.2250; p=0.0310). 
The final multiple regression model obtained with the relationship between masticatory 
performance and the studied variables is shown in Table VI. A weak relationship between “b” 
(distribution of particles in the different screens) and bite force was observed. Age, gender 
and salivary flow rate did not relate significantly with masticatory performance. The model 
accounted for only 7% of the variation of “b”, with a power of the test equal to 52.6%. 
  
r 
(p-value) 
US 
Calcium 
SS  
Calcium 
US 
Phosphate 
SS 
Phosphate 
US 
Amylase 
SS 
Amylase 
US Total 
Protein 
SS Total 
Protein 
US Flow Rate 
-0.12 
(0.24) 
0.06 
(0.57) 
-0.53 
(0.00)* 
-0.39 
(0.00)* 
0.04 
(0.72) 
-0.07 
(0.52) 
-0.12 
(0.25) 
0.03 
(0.81) 
SS Flow Rate 
-0.26 
(0.01)* 
-0.17 
(0.11) 
-0.32 
(0.00)* 
-0.36 
(0.00)* 
0.11 
(0.30) 
0.13 
(0.23) 
-0.12 
(0.25) 
-0.09 
(0.39) 
US pH 
-0.39 
(0.00)* 
-0.27 
(0.03)* 
-0.26 
(0.02)* 
-0.31 
(0.00)* 
0.01 
(0.91) 
0.05 
(0.61) 
-0.15 
(0.17) 
-0.15 
(0.16) 
SS pH 
-0.25 
(0.02)* 
-0.29 
(0.01)* 
-0.16 
(0.13) 
-0.23 
(0.03)* 
0.17 
(0.10) 
0.11 
(0.31) 
-0.01 
(0.96) 
-0.09 
(0.43) 
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Table VI. Multiple regression analysis with stepwise backward elimination of  
the dependent variable b (R
2
=0.07; power=0.526) 
Dependent 
variable 
Independents variables Coef. p value 
Ln (b) 
Constant 0.992 - 
Maximal bite force -0.001 0.043 
Ln, logarithmic transformation; b, broadness/distribution of particles in the different sieves. 
Normality test (Shapiro-Wilk): p=0.226 
Constant variance test: p=0.166 
 
 
Discussion  
This study aimed to describe some masticatory and salivary characteristics and 
gustatory sensitivity in healthy children, exploring the possible differences between genders 
and evaluating the relationship between those parameters. The oral phase is the shortest stage 
of the digestion, and little attention has been given to its understanding. The sense of taste is 
one of the most important human senses and plays a critical role in an individual’s food 
preferences, which ultimately guide the dietary behavior and, thus, his nutritional status [16]. 
It was observed a positive correlation between gustatory scores and age, that is, higher 
the age, greater the gustatory sensitivity, corroborating the results found by Overberg et al. 
[17]. Reasons for differences in taste sensitivity are poorly understood, and some findings 
about genetic, hormonal and learning effects suggest a multifactorial cause [17]. Moreover, 
age and sociocultural factors influence taste sensitivity and are believed to be responsible for 
variation in taste sensitivity during lifetime. With regard to learning effect, the exposure to a 
variety of distinct taste stimuli in early childhood appears to be essential, and a better taste 
differentiation with increasing age is thought to be part of the normal development [17]. 
CA and PHO are important electrolytes which provide protection against the 
development of dental caries. Increased remineralization and decreased demineralization of 
enamel depend on salivary fluoride, PHO and CA contents [18,19]. Fluoride ions in presence 
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of sufficient amounts of CA and PHO ions can thermodynamically enhance the growth of 
enamel crystals and remineralize the demineralized enamel [20]. It was observed that CA and 
PHO concentrations decreased while saliva flow increased under stimulation, when the 
parotid glands participate to a greater extent, agreeing with the results found by de Campos et 
al. [11]. Under masticatory stimulation and with the increase in saliva flow, the decrease in 
PHO concentration is compensated by the rise in pH, which occurs due to the increased 
secretion of bicarbonate [21]. AMY concentrations did not significantly correlate with US and 
SS saliva flows, because its concentration is independent on flow rate [22]. 
A past study [23] showed that high protein concentration in saliva contributes to 
greater adherence of S. mutans, one of the first inhabitant of dental plaque [24], and, 
according to previous findings, subjects with reduction of the salivary flow rate and low 
salivary pH demonstrate a high tendency towards dental caries [24,25]. In caries-free subjects, 
an increase in salivary pH [26] and a decrease in total protein levels [26,27] were observed 
when comparing with caries-active subjects. However, no significant correlation between 
total protein and salivary pH, and total protein and saliva flow was observed in caries-free 
children enrolled in the present study, probably because total protein, salivary pH and flow 
may differ between clinical conditions (caries-free/caries-active), but they do not vary 
together.  
Taste substances should be dissolved in the salivary fluid layer to reach and stimulate 
taste receptors during the initial process of taste perception. Salivary flow rate can modify the 
concentration of tastants and various soluble taste perception-related mediators because of a 
dilution effect and by the fact that hydrophobic molecules may diffuse more easily into the 
epithelium, increasing or decreasing the perception [28,29]. In addition, saliva plays a role in 
the maintenance of taste buds and taste-sensing cells [30]. The present study observed a 
positive correlation between bitter taste sensitivity and US flow rate; a past study observed 
that subjects with higher salivary flow rates exhibited higher perceived intensity for acid 
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solutions than subjects with low flow rates [28]. Also, elevation of taste thresholds and a 
reduction of the taste nerve responses have been shown after surgical removal of salivary 
glands in an animal model [31]. 
Dsamou et al. [32] observed that the variation on some salivary protein concentrations 
(amylase fragments, immunoglobulins, and serum albumin) may also be related to an 
improvement in taste sensitivity, mainly in bitter taste. In the present study, it was observed a 
positive correlation between sweet taste and AMY concentrations in US saliva. AMY is 
responsible for starch hydrolysis in the oral cavity and accounts for up to 50% of salivary 
protein in human saliva. Although the majority of ingested starch is digested in the small 
intestine by pancreatic amylase, past studies have related the AMY levels with the oral 
perception of starchy foods attributes [33], which may ultimately benefit nutrition [34]. Future 
studies are needed to clarify if starch-based food intake stimulates the output of AMY. Moura 
et al. [35] emphasized the need for more information on this subject by a multidisciplinary 
team, enabling early diagnoses and interventions in cases of taste changes. 
The relationship between masticatory performance and gender was evaluated in past 
studies, obtaining different results. Some authors found no significant gender differences in 
masticatory efficiency and performance in subjects aged 6 to 15 years [36,37]. Maki et al. 
[38] also did not find differences between girls and boys aged 7-8-years-old, but among 9-
years-old subjects they observed that boys presented better masticatory efficiency than girls. 
A lack of gender differences has also been reported in adults [3], probably because other 
variables may contribute in a greater extent to a better performance, such as diet, 
morphological occlusion, craniofacial morphology, and other [39]. Julien et al. [40] observed 
that men was better able to break down artificial foods than women, but this difference could 
be due to gender-related differences in occlusal force [37,38,40], which may become 
significant after puberty [41]. In the prepubertal children enrolled in the present study, either 
no significant difference in bite force was observed, corroborating previous studies [5]. 
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A weak relation between masticatory performance (“b”) and maximum bite force was 
observed. The component “b” describes the distribution range of the chewed particles; higher 
“b” indicates that the particles were trapped in larger opening sieves. The present results 
corroborate the results of previous studies which showed that masticatory performance 
improves with greater bite force [37,14], although the model used accounted for only 7% of 
the variation of “b”. Bite force is the maximum voluntary effort exerted by the masticatory 
muscles between the maxillary and mandibular teeth; since food breakage may require other 
attributes beyond maximum force, other variables not included in this study may also 
influence masticatory performance variation, such as diet, craniofacial morphology, occlusal 
contact area and masticatory behaviour [39].  
Salivary flow rate did not relate with masticatory performance, although it is important 
to consider that all included children were healthy, with no significant alterations in salivary 
secretion, and the little variation in this group could not be captured in the regression analysis. 
In the elderly, a reduction of masticatory performance was associated with a decrease in 
stimulated salivary flow rate [4], as saliva participates in the formation of food bolus. Thus, 
future studies are needed to understand the impact of changes in salivary secretion on 
chewing of young subjects with reduced salivary secretion. 
In conclusion, the concentration of some analytes may be associated with saliva flow 
and pH in healthy children. Moreover, age, salivary flow and AMY concentrations related 
with gustatory sensitivity. Exploratory studies are important to better understand the 
masticatory and salivary functions, obtaining parameters from healthy children to help the 
early detection of alterations. 
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ABSTRACT 
 
Background: Salivary composition may be altered in children with weight excess and 
potentially affect their oral health. The aim of this study was to evaluate salivary parameters 
and gustatory sensitivity  in 310 prepubertal children classified as normal-weight, overweight 
or obese. Methods: Salivary flow rate and pH were assessed in stimulated (SS) and 
unstimulated saliva (US), as well total protein, amylase, calcium, urea, triglycerides and 
phosphorus concentrations by colorimetric/enzymatic method and automated technique. The 
increase in salivary flow and pH upon stimulation was captured using Δ salivary flow and Δ 
pH (SS-US). Gustatory sensitivity was evaluated by identifying four primary tastes (salty, 
sweet, sour and bitter) in three different concentrations; anthropometric evaluation involved 
skeletal muscle mass, body fat mass and fat percentage by using bioelectric impedance. Data 
were evaluated using Chi-square, Kruskal-Wallis test and multiple linear regression to test the 
relationship between fat percentage and the salivary characteristics under study (α<0.05). 
Results: Gustatory sensitivity and salivary flow rate did not differ between groups. Although 
salivary pH was within the normal range for health subjects, SS pH was lower in obese than 
in overweight children. Also, fat percentage related positively with gender (female) and 
negatively with Δ salivary flow (SS-US) and US phosphorus concentration. Conclusion: 
Some salivary characteristics and composition may differ among children with different 
nutritional status, hence the importance of preventive measures on oral health be emphasized 
for children with weight excess. 
 
Keywords: Obesity, saliva, gustatory perception.  
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Introduction 
 The prevalence of obesity has increased worldwide in recent years and raised urgent 
concern about expected metabolic dysregulation and serious comorbidities, such as type 2 
diabetes [1,2]. Childhood obesity has more than doubled in children and quadrupled in 
adolescents in the past 30 years [3], and children and adolescents who are obese are likely to 
be obese when become adults [4]. According to recent findings, obesity may also be related to 
several aspects of oral health, such as dental caries, periodontal disease [5,6] and 
hyposalivation [7-9]. 
The whole saliva is derived predominantly from three paired major salivary glands - 
parotid, submandibular and sublingual glands [10,11] and from the minor salivary glands in 
the oral mucosa; it contains water, electrolytes, mucin, and digestive enzymes, most notably 
amylase. Crevicular fluid, blood cells, bacteria and their products, desquamated epithelial 
cells, viruses, fungi, food debris and secretions from the respiratory tract are also present [12]. 
In unstimulated conditions, parotid glands contribute to approximately 20% of whole saliva, 
the submandibular glands to about 65%; 7% to 8% from sublingual, and less than 10% from 
numerous minor glands [13,14]. Under stimulation, parotid saliva may constitute up to 49% 
of the whole saliva [15]. It is a glandular secretion which constantly bathes the teeth and oral 
mucosa and can be collected non-invasively in many circumstances, including at home 
collection, infants, children and the elderly [16,17].  
The presence of saliva is vital for the maintenance of the oral tissues health. Severe 
reduction of salivary output not only results in a rapid deterioration of oral health, but also has 
a detrimental impact on subjects’ quality of life [18]. Patients suffering from dry mouth may 
present difficulty in oral hygiene maintenance and are at risk of developing dental caries 
[18,19]. Calcium and phosphate help maintain tooth mineral integrity and mucins protect the 
tooth surface against demineralization of enamel, promoting remineralization and lubrication, 
binding toxins, agglutinating bacteria, interacting with host cells, and protecting the 
esophagus [20,21]. Amylase, the most abundant protein in human saliva, catalyzes the 
breakdown of starch and glycogen to maltose, inhibits the adherence and growth of bacteria to 
epithelial surfaces [22], and binds with high affinity to certain oral streptococci [23]. Saliva 
also contains urea that works together with bicarbonates and phosphates to modulate pH and 
buffering capacity of this fluid [24]. 
Metabolic changes may influence the synthesis, composition and salivary secretion. 
According to Navazesh et al. [25], systemic diseases, presence and duration of medication 
with xerostomic potential significantly affect salivary flow. In children and adolescents with 
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type 1 diabetes mellitus it was observed a reduction in salivary pH and flow rate [26]. 
Furthermore, the study of Pannunzio et al. [27] observed that overweight and obese children 
showed alterations in the concentrations of phosphate, free sialic acid and proteins, which 
may favor the development of dental caries. Moreover, fatty infiltration, salivary gland 
hypertrophy and malignant neoplasm can affect salivary glands and their function [28].   
The perception of food is influenced by individual taste sensitivity and children appear 
to be more guided by their taste sensitivity than adults [29]. A past study observed that obese 
adolescents could identify taste qualities less precisely than normal-weight subjects [30]; 
reasons for differences in taste sensitivity are poorly understood, and some findings about 
genetic, hormonal and learning effects suggest a multifactorial cause [31,32]. Additional 
research on how sensitivity to taste is related to food intake in children would be of 
importance. 
Salivary composition may be altered in children with weight excess and potentially 
affect their oral health. Thus, the aim of this study was to evaluate the salivary composition 
and gustatory sensitivity in children with different body weights; the hypothesis to be tested 
was whether weight excess would be related to salivary changes in prepubertal subjects. 
 
Materials and methods 
 Sample selection and clinical examination 
A convenience sample of 310 prepubertal children was selected from the Public Schools 
of Piracicaba, Brazil. Children of both genders aged 7-10 years and low socioeconomic status 
were screened. The procedures, possible discomforts or risks, as well as the possible benefits, 
were fully explained to the children and their parents ⁄ guardians, and the Ethics Committee of 
Piracicaba Dental School approved the study (Protocol No. 017⁄ 2012). 
Sample size was calculated from results of previous studies [27,33], which examined 
differences in salivary biochemical characteristics between children classified as normal-
weight, overweight and obese. Considering a power of the test=0.80 and alpha level=0.05, a 
minimum of 50 subjects in each group would be necessary to perform such evaluation. Taking 
into account the evaluation of gustatory sensitivity, sample size was calculated from results 
found in a previous study [30]; considering a power of the test=0.80 and alpha level=0.05, a 
minimum of 55 subjects in each group would be necessary.  
The parents/guardians provided written information concerning medical and dental 
experiences by means of a pre-structured questionnaire. The inclusion criterion was: 
prepubertal children. The exclusion criteria were: presence of pain of dental origin; 
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craniofacial trauma; oral soft tissue abnormalities; systemic disturbances in general; presence 
of disorder that could compromise the masticatory system functioning, such as neurological 
disorders and cerebral palsy; ingestion of medicines that could interfere directly or indirectly 
with salivary secretion as antihistamines, sedatives, syrups homeopathy. 
All examinations were performed at the school. For the evaluation of dental status, 
dmft/DMFT index (number of decayed, missing and filled primary/permanent teeth) was used 
[34]. 
 
Physical Examination  
Anthropometric evaluation involved the measurements of stature, weight, body skeletal 
muscle mass, fat mass and fat percentage by means of a digital stadiometer and bioelectric 
impedance analysis (InBody 230, BiospaceCo. Ltd., Gangnan-gu, Seul, South Korea). Body 
mass index (BMI=kg/m
2
) was used to classify the sample into three groups, according to the 
reference data BMI-for-age and sex (5-19 years) [35]: normal-weight (n=188), overweight 
(n=67) and obese (n=55). 
Bioelectric impedance provided data related to body skeletal muscle mass, fat mass and 
percentage of body fat. The measurement system is tetra-polar with eight tactile electrodes, 
two sets of electrodes in the form of metal plates for each foot, on which the subject was 
placed. At the top part of the scale column, there are two parts for the hands, which were held 
onto by the subject at the time of analysis. The children were in a standing position, with their 
arms and legs extended, in accordance with the instructions in the equipment manual. 
Analyses were performed in the morning, without the subject having done exercise or eaten 
before this (at least two hours after the last meal). 
 
Assessment of gustatory sensitivity 
The perception of four taste variables was obtained at three different concentrations: 
salty- sodium chloride (0.1; 0.04; 0.016 g/mL), sweet- saccharose (0.2;0.1;0.05 g/mL), sour-  
citric acid (0.165; 0.09; 0.05 g/mL), bitter- quinine hydrochloride (0.0024;0.0009; 0.0004 
g/mL) which were administered with a dropper (three drops) at the middle of the tongue. The 
assessment of gustatory sensitivity was fully described previously (Artigo 1). 
 
Saliva collection and biochemical analysis 
Stimulated (SS) and unstimulated (US) saliva were collected at school in the morning, 
with all children having refrained from eating, drinking or brushing their teeth for a minimum 
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of 2h before collection. The saliva collection method and pH measure were described 
previously (Artigo 1). The increase in salivary flow and pH upon stimulation were captured 
using Δ salivary flow and Δ pH, respectively (the difference between SS and US). 
Saliva samples were then centrifuged at 3500 rpm for 5 min, fractionated and frozen 
for further analyses (-80ºC). Biochemical analyses were performed on saliva in duplicate, 
using automated technique (Flexor E6002-190 Clinical Chemistry Analyser, Vital Scientific, 
Dieren, Switzerland), at the Clinical Analyses Laboratory of ABC Medical School (Santo 
André, SP, Brazil). Urea and amylase concentrations were measured using enzymatic 
methods; amylase was measured in diluted saliva 1:25. Triglycerides concentration was 
determined using enzymatic-colorimetric methods. Total protein, phosphorus and calcium 
concentrations were determined by colorimetric methods (ELI Tech, Seppim SA, SEES, 
France). Samples of known concentrations provided by the Brazilian Society of Clinical 
Pathology and Laboratory Medicine were used as the standard to calibrate the automated 
system.  
 
Measurement errors 
For assessment of method error for saliva flow rate, salivary pH and gustatory 
sensitivity, the intraclass correlation coefficient (ICC) was calculated from data obtained from 
20 children aged 7 to 10 years old not included in the studied sample, on two separate 
occasions at an interval of 15 days (BioEstat 5.0; Mamirauá, Belém, PA, Brazil). The 
following criteria were used: intraclass correlation coefficient (ICC) ≤0.20, poor; 0.21-0.40, 
weak; 0.41-0.60, moderate; 0.61-0.80, substantial, and 0.81 to 1.0, excellent to perfect [36]. 
For gustatory sensitivity scores, the ICC found was 0.92 and all values obtained from saliva 
collection were considered satisfactory: saliva weight: ICC = 0.79; saliva pH: ICC = 0.70 and 
salivary flow rate: ICC = 0.81. 
For the evaluation of dental status (dmft/DMFT index), agreement was assessed by 
Kappa test (intraexaminer Kappa coefficient = 0.97). 
Statistical Analysis 
Statistical analysis was performed using BioEstat 5.0 (Mamirauá, Belém, PA, Brazil) 
and SigmaPlot 11 (Systat Software Inc., Chicago, EUA) with a 5% significance level. 
Descriptive statistics analysis (means, standard deviation, medians and interquartile ranges) 
and Shapiro-Wilk normality test were applied. The proportion of girls and boys among groups 
was verified by means of Chi-square test. ANOVA and Tukey post-test or Kruskal-Wallis test 
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and Dunn post-test were used to test the differences in anthropometric measurements (BMI, 
body skeletal muscle mass and fat mass in relation to total body weight), salivary parameters 
(flow rate, pH and biochemical composition) and gustatory sensitivity (salty, sweet, sour and 
bitter scores) between normal-weight, overweight and obese groups, where appropriate. 
A multiple linear regression model with stepwise backward elimination was used to test 
the relationship between fat percentage, as the dependent variable, and the salivary 
biochemical composition and gustatory sensitivity scores as factors. In the initial step, 
gustatory sensitivity scores, Δ salivary flow rate and Δ pH, triglycerides, urea, amylase, total 
protein, phosphorus and calcium concentrations were included (age, gender and presence of 
dental caries were forced in the model).  
 
Results  
The descriptive statistics of the studied groups concerning demographic data and 
anthropometric measurements are shown in Table 1. Statistical analysis showed that the 
proportion of males and females (p=0.172) and age (p=0.125) was not associated with groups. 
BMI, skeletal muscle mass/total weight and fat percentage significantly differed between 
groups.  
 
 
Table 1.Demographic and descriptive data of the sample 
Group 
(n) 
Gender† 
Age
 
(months) 
BMI 
(Kg/m
2
) 
Muscle 
Mass/body 
weight 
Fat 
Percentage 
Boys/Girls 
Median 
(25-75%) 
Median 
(25-75%) 
Mean 
(SD) 
Median  
(25-75%) 
Normal-Weight 
(188) 
83/105 
112.0 
(99.0-122.0) 
16.1
a
 
(15.2-17.1) 
0.41
a
 
(0.03) 
18.5
a
 
(15.1-21.6) 
Overweight 
(67) 
24/43 
111.0 
(100.0-121.0) 
19.5
b
 
(18.7-20.7) 
0.37
b
 
(0.03) 
28.3
b
 
(23.9-31.6) 
Obese 
(55) 
29/26 
108.0 
(93.8-116.3) 
23.9
c
 
(22.6-26.2) 
0.33
c
 
(0.03) 
37.4
c
 
(34.0-40.8) 
BMI, body mass index. 
†p>0.05 (Chi-square test) 
A lowercase letter following a value indicates significant differences between groups (p<0.05; ANOVA or 
Kruskal-Wallis test and Tukey/Dunn post-test) 
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Table 2 shows the descriptive data for gustatory sensitivity, salivary flow rates and pH 
in US and SS. Salivary flow rates and gustatory sensitivity scores did not differ between 
groups, although SS pH was significantly lower in obese than in overweight group (p<0.05).  
Table 3 shows the description of the salivary biochemical composition in terms of 
amylase, calcium, phosphate, triglycerides, urea and total protein concentrations in SS and US 
saliva; these parameters did not significantly differ between groups (p>0.05). 
The multiple linear regression model showed that fat percentage was dependent on 
gender (female). Also, a negative relationship was found between fat percentage and Δ 
salivary flow rate and US phosphorus concentration, that is, fat percentage related with lower 
difference between SS and US flow and lower US phosphorus concentration (Table 4). The 
model accounted for 11.1% of the variation of fat percentage, with a power of the test equal to 
99.9%.
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Table 2. Descriptive data of gustatory sensitivity, flow rate and pH for unstimulated and stimulated saliva 
 
Group 
Sweet 
 Taste 
Bitter 
 Taste 
Salt  
Taste 
Sour 
 Taste 
Total 
Score 
Unstimulated 
flow rate 
 (mL/min) 
Stimulated 
 flow rate 
 (mL/min) 
Unstimulated 
Saliva pH 
Stimulated 
Saliva pH 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Normal- Weight 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
11.0
 
(9.0-12.0) 
0.5 
(0.3-0.8) 
0.9 
(0.6-1.2) 
7.1 
(6.9-7.2) 
7.4
ab
 
(7.2-7.5) 
Overweight 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
2.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
10.0
 
(9.0-11.0) 
0.6 
(0.4-0.8) 
0.9 
(0.6-1.2) 
7.1 
(6.9-7.3) 
7.4
a
 
(7.2-7.5) 
Obese 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
3.0 
(2.0-3.0) 
11.0 
(9.0-12.0) 
0.6 
(0.3-0.8) 
0.8 
(0.6-1.1) 
7.0 
(6.8-7.1) 
7.3
b
 
(7.2-7.4) 
 
A lowercase letter following a value indicates significant differences between groups (p<0.05; Kruskal-Wallis test and Dunn post-test) 
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Table 3. Descriptive data of salivary biochemical analysis 
 
Group 
Unstimulated 
Amylase 
(U/L) 
Stimulated 
Amylase 
(U/L) 
Unstimulated 
Calcium 
(mg/dL) 
Stimulated 
Calcium 
(mg/dL) 
Unstimulated 
Phosphorus 
(mg/dL) 
Stimulated 
Phosphorus 
(mg/dL) 
Unstimulated 
Triglycerides 
(mg/dL) 
Stimulated 
Triglycerides 
(mg/dL) 
Unstimulated 
Urea 
(mg/dL) 
Stimulated 
Urea 
(mg/dL) 
Unstimulated 
Protein 
(mg/dL) 
Stimulated 
Protein 
(mg/dL) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Median 
(25-75%) 
Normal- 
Weight 
1850.0 
(963.5-
2839.0) 
2073.0 
(1130.0-
3109.5) 
1.9 
(1.1-2.8) 
1.3 
(0.8-2.0) 
11.4 
(9.4-14.7) 
9.7 
(8.0-11.5) 
2.0 
(1.0-4.0) 
2.0 
(1.0-3.0) 
23.0 
(18.8-30.0) 
16.0 
(13.0-22.0) 
39.4 
(28.1-56.1) 
35.0 
(23.8-51.7) 
Overweight 
1517.0 
(763.0-
3202.5) 
1921.0 
(956.5-
3094.0) 
1.6 
(1.1-3.3) 
1.4 
(0.8-1.9) 
11.3 
(9.3-13.9) 
9.2 
(7.8-11.5) 
2.0 
(0.1-3.0) 
2.0 
(0.1-3.0) 
25.0 
(19.5-32.0) 
18.0 
(14.5-22.5) 
41.4 
(31.5-60.3) 
34.9 
(24.4-53.6) 
Obese 
2213.0 
(1071.0-
2997.0) 
2179.0 
(1600.0-
2985.5) 
2.0 
(1.2-3.3) 
1.3 
(0.9-2.4) 
12.5 
(10.0-14.9) 
10.6 
(8.7-13.0) 
2.0 
(0.1-3.0) 
1.0 
(0.1-2.0) 
27.0 
(21.5-34.0) 
19.0 
(15.5-23.0) 
40.2 
(32.2-58.6) 
34.2 
(24.3-43.8) 
p>0.05 (Kruskal-Wallis test) 
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Table 4. Multiple linear regression model with stepwise backward elimination used to test the relationship 
between fat percentage and independent studied variables  
Dependent 
variable 
Independents variables Coef. p value 
Model 
R
2 
p-value 
Power 
5% 
ln  
(Fat percentage) 
Constant 2.733 - 
0.111 <0.001 0.999 
ln (Age)* 0.116 0.5910 
Gender* 0.177 <0.001 
ΔSalivary flow rate (SS-US) -0.169 0.0210 
Phosphorus US -0.0131 0.0210 
Presence of dental caries* -0.0865 0.1570 
ln, logarithmic transformation; SS, stimulated saliva; US, unstimulated saliva. 
* Independent variables forced in the final model. 
Normality test (Shapiro-Wilk): p=0.100 
Constant variance test: p=0.05 
 
 
Discussion  
Once childhood obesity is one of the most serious public health challenges today and 
affects low- and middle-income countries, the study of its impacts on oral health seems to be 
of importance. Saliva secretion is vital for the maintenance of the oral tissues, and alterations 
on its flow rate and biochemical composition is deleterious for oral health [37]. 
Taste is a primary aspect by which children determine food acceptance and plays an 
essential role in eating behavior [38] and impairment of gustatory function can occur from a 
variety of diseases, disorders and medications [39]. Olfactory and taste sensitivities are 
interrelated [40] and a recent study showed that obese adults rated the chocolate odor as more 
pleasant and were substantially more sensitive to the odor than nonobese; in addition, higher 
taste acuity for sour and salty was observed in the obese group [41]. In the present study, 
gustatory sensitivity scores did not differ significantly among groups of children with 
different nutritional status. Studies in young subjects are scarce and although other studies 
have also observed differences in taste sensitivity between obese and nonobese adults [42-44]. 
One study evaluated children and adolescents aged 6–18 years and observed that obese 
subjects could identify taste qualities less precisely than normal-weight ones [30]. It is 
important to consider that age and sociocultural factors also influence taste sensitivity and are 
believed to be responsible for variation in taste sensitivity during lifetime [30]. The exposure 
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to a variety of distinct taste stimuli in early childhood appears to be significant to a better taste 
differentiation with increasing age [32].  
Taste substances should be dissolved in the salivary fluid layer to reach and stimulate 
taste receptors during the initial process of taste perception. Salivary flow rate can modify the 
concentration of tastants because of a dilution effect, increasing or decreasing the perception 
[45,46]. As salivary flow rate did not differ among groups, a significant difference in 
gustatory sensitivity was also not observed.  
Under stimulation, the greater salivary volume and flow rate result in an increased 
ability to clear sugars and acids from around the teeth. Bicarbonate is the main buffer against 
acid, and its concentration increases markedly with the increase in salivary flow rate, raising 
salivary pH. Although salivary pH was within the normal range for healthy subjects [14], SS 
pH was lower in obese than in overweight children. Saliva is supersaturated with calcium, 
phosphate and hydroxyl ions when the pH is above a ‘critical’ value, about 5.5; below this 
value the saliva and plaque is unsaturated, and the tooth dissolves [13], increasing caries 
susceptibility. On the other hand, in the study of Pannunzio et al. [27] overweight children 
showed higher SS pH values than the control group. Oral health depends on salivary 
secretion; individuals with impaired salivary secretion may become more likely to oral 
diseases, such as periodontal diseases and dental caries. In the study of Tremblay et al. [47] 
mean salivary pH levels decreased as the number of metabolic syndrome components 
increased in women; the metabolic syndrome is a cluster of interrelated clinical disorders, 
including obesity, hyperglycemia and insulin resistance. Thus, if alterations on salivary 
physicochemical properties may worsen over the years in subjects with weight excess, it 
should be better examined. 
A significant relationship between fat percentage and female gender was observed. 
Studies also showed that the prevalence of overweight/obesity and central overweight/obesity 
(waist circumference) was greater in girls than in boys [48] and that women generally have a 
higher percentage of body fat than men [49]. Recent findings have shown that basal fat 
oxidation is lower in females as compared to males, thereby contributing to a higher fat 
storage in women [49]. Another study observed a direct relationship between preference for 
fat and sugar enriched test foods and overweight in schoolchildren, particularly in girls [50]. 
Although a significant difference in salivary flow rate and biochemical composition was 
not observed between normal-weight, overweight and obese groups, a relationship between 
fat percentage and some salivary parameters showed to be significant. A possible explanation 
is the fact that adiposity may be better described by bioelectric impedance, once BMI may 
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underestimate body fat [51]. The regression model showed that fat percentage related with 
lower Δ salivary flow and lower US phosphorus concentration. 
These results are in line with previous studies done in young obese subjects that have 
shown a significant decrease in salivary flow rate compared with normal-weight children 
[52,27,53]. The study of Pannunzio et al. [27] has shown a decrease in phosphate 
concentration among obese children, which corroborates with the results found. A past study 
observed that dietary regime effects phosphate concentrations found in saliva and plasma in 
Wistar rats [54]; this may be attributed to the withdrawal of some inorganic phosphate during 
the assimilation of glucose, because of the need of phosphate by the tissues during the 
metabolism of carbohydrates. Although food consumption has not been evaluated in this 
sample of children, this may explain the decrease in salivary phosphorus concentration with 
the increase in fat percentage; further studies are needed to better understand this relationship. 
Of the salivary electrolytes, calcium, phosphate, bicarbonate and fluoride are of particular 
importance for oral health [37]. In subjects with altered inorganic salivary parameters, low 
salivary pH and reduced salivary flow rate, their plaque is more acidogenic and enamel 
demineralization occurs promptly; therefore, these individuals are more likely to present a 
compromised dental health [18]. 
In addition, studies have suggested that dental caries and obesity share the same cluster 
of lifestyle habits, such as diet [55], and the literature has shown an association between 
dental caries and obesity [56,57]. A longitudinal study in Swedish children followed from 
preschool to adulthood observed that individuals with overweight/obesity exhibited higher 
prevalence of dental caries [58]. Oral health and nutrition may have a synergistic bidirectional 
relationship [9], hence the importance of preventive measures on oral health be emphasized 
for children with weight excess.  
The design of this study - cross-sectional – limits generalization of the results, although 
the present findings showed important trends to be evaluated in future longitudinal studies to 
confirm causality. 
 
Conclusion 
In conclusion, some salivary characteristics may differ among children with different 
body weights, hence the importance of salivary function assessment as part of their oral 
evaluation. Preventive measures may help develop further strategies of oral health prevention 
and therapy in children with weight excess. 
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ABSTRACT 
Background. Due to the increase in life expectancy, new treatments have emerged to treat dry 
mouth and, although palliative, it may provide relief of symptoms and a better quality of life. 
Artificial saliva (AS) is a solution which contains substances that moisten a dry mouth, thus 
mimicking the role of saliva in lubricating the oral cavity and controlling the existing normal 
oral microbiota. Objectives: The aim of this study was to evaluate the inflammatory response 
of commercially available AS in human oral fibroblasts (HGF-1) in an in vitro model. 
Methods: HGF-1 was exposed for 120 seconds to human saliva (HS) as control and three 
commercially available AS (named AS I, II and III). Cell viability was the first test performed 
to determine the effect of AS compared to HS. The expression of cytokines was assessed by 
PCR array analysis, Real-Time PCR and immunoassay (using a panel of 12 pro-inflammatory 
cytokines). Data were analysed using STATA
TM
 and GraphPad. Results: AS I and AS II did 
not affect cell viability, while cells incubated in AS III presented low viability; thus, AS III 
was excluded from further analysis. In PCR array analysis, the expression 
of inflammatory markers did not differ between treatments; however, a significant reduction 
in abundance of the protein levels was observed for AS I and AS II compared to control, with 
a robust anti-inflammatory response to AS II. Conclusions: AS III significantly affected cell 
viability. In addition, AS I and AS II exposure on HGF1 regulated a large fraction of the 
cytokines at the protein level, with a significant anti-inflammatory response, in spite of the 
lack of changes in the corresponding mRNA species. Thus, future researches are needed to 
better examine the impact of AS exposure on oral mucosa in clinical conditions. 
 
Keywords:  Artificial saliva, Fibroblasts, RT- PCR, inflammatory response. 
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Introduction 
Saliva is a complex fluid that plays an important role in maintaining homeostasis in the 
oral cavity [1]. It helps control oral microbiota and protects teeth against harmful substances 
and injuries. Whole saliva consists of water, electrolytes, proteins and antimicrobial factors 
that contribute to its numerous functions, and any alteration in the composition or flow rate 
may interrupt the equilibrium that exists in the oral cavity [2]. 
Hyposalivation, which is characterized by a decrease in salivary flow, and xerostomia, the 
subjective feeling of dry mouth, are important conditions that affect cancer patients and the 
elderly [3,4], as they may be associated with aging, the presence of glandular or systemic 
diseases (Sjögren’s syndrome) and the use of certain drugs (e.g., anticholinergics, anxyolitics, 
antihypertensives, diuretics, antihistamines, anti-reflux). In addition, it may be a side effect of 
head and neck radiotherapy [5]. Although palliative, artificial saliva (AS) has been prescribed 
to relieve discomfort. 
AS contains substances that moisten and lubricates a dry mouth [5] and acts in buffering 
and remineralization of tooth enamel. Also, aroma, enzymes and glycoproteins are 
responsible for its viscoelastic properties, among other components [6-8].  
Preliminary studies have shown that AS was able to alter the expression of certain 
proinflammatory cytokines and chemokines in oral and dermal fibroblasts [9,10]. Cytokines 
are products of activated monocyte–macrophage cells and are important mediators of 
infection, inflammation, and immunologic challenge [11]. It is the net effect of interactions 
between proinflammatory and anti-inflammatory molecules over time that determines the 
nature of the immune response in individual patients [12-16]. Cytokines are extremely potent, 
and their presence even at very low levels can induce substantial cellular consequences [17]. 
Variation in salivary cytokines is due to the local production [18], as the correlation between 
serum-salivary cytokines was reported to be weak [17]. 
The understanding of the biological and physiological properties of AS is crucial for the 
development of an effective salivary substitute. Thus, the aim of this study was to evaluate the 
inflammatory response of three commercially available AS in human oral fibroblasts (HGF-1) 
in an in vitro model. 
 
Materials and methods 
Three commercially available AS (treatments) were evaluated in this study. According to 
manufacturer, their components are as follows:  
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1. artificial saliva I (AS I) – Kin Hidrat® (Pharma Kin, São Paulo, Brazil), composed by 
xylitol, potassium chloride, sodium chloride, calcium chloride, magnesium chloride, 
potassium dihydrogen phosphate, potassium thiocyanate, sodium saccharin, other excipients; 
2. artificial saliva II (AS II) - ACT Dry Mouth
®
 (Chattem, Inc, Chattanooga, TN, USA), 
composed by 0.02% sodium fluoride, 4 intensive polyol moisturizers, 5 anti-
inflammatory/antioxidant botanicals and two hydrating polymers; 
3. artificial saliva III (AS III) - Dry Mouth Oral Rinse Biotène
®
 (Glaxo Smith Kline, Moon 
Township, USA), composed by purified water, glycerin, xylitol, sorbitol, propylene glycol, 
poloxamer 407, sodium benzoate, hydroxyethyl cellulose, methylparaben, propylparaben, 
flavor, sodium phosphate, disodium phosphate, glucose oxidase, lactoferrin, lactoperoxidase, 
lysozyme. 
Stimulated human saliva (HS) was used as control; it was collected in the morning from 
one female healthy volunteer, 28 years old with full healthy permanent dentition by chewing 
an inert material (parafilm) for 5min. It was sterilized as described previously [19]. 
The study was approved by the Ethics Committee of University of Southern California 
(protocol No.00007099).  
 
Cell viability test  
Fibroblasts HGF-1 (ATCC CRL-2014) were maintained in serum-complete media 
composed of DMEM supplemented with 10% FBS, and in a humidified 5% CO2 incubator at 
37°C. To initiate the experiments, HGF-1 was plated at a density of 1 × 10
5
 cells in 96 well 
plate in serum complete media up to 80% confluency. After 20–24 h, serum-complete media 
was removed, cells were rinsed twice with PBS (Lonza Walkersville, Inc. Walkersville, MD), 
and the appropriate treatment was added for 30, 60 and 120 seconds as proposed previously 
[20], and subsequently rinsed twice with PBS.  
The cytotoxicity effect was determined by a resazurin fluorometric method (Cell Titer 
Blue Viability Assay, Promega Corp, Madison, WI) as described by O' Brien et al. [21]. The 
cells were exposed for 3 hours and incubated at 37°C and 5% CO2. Fluorescence was read in 
a microplate reader (SpectraMax M5 Microplate Reader, Molecular Devices, Sunnyvale, CA) 
with excitation at 550 nm, emission 585 nm, and cut-off 570 nm [22]. Experiments were done 
in three triplicates (n=9).  
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RNA isolation and cDNA preparation  
Cells were treated with AS for 120 seconds, rinsed twice with PBS and the total RNA 
isolation was performed immediately after the treatment, according to the Qiagen RNeasy 
Mini Kit column (Qiagen, Valencia, CA, USA). Yield and quality of RNA were measured 
using a spectrophotometer (NanoPhotometer P360-Implen; Westlake Village). Total RNA 
was converted to single-stranded cDNA using a high-capacity cDNA reverse transcription kit 
from Qiagen Inc. (Valencia, CA). The cDNA was stored at -20
o
C to perform the real-time 
PCR.  
The expression of cytokines was then assessed by PCR array analysis, Quantitative Real-
Time PCR and immunoassay. 
 
Analysis Using the RT
2
 Profiler PCR Array 
Inflammatory Response & Autoimmunity Array RT
2 
profiler (Sabiosciences, PAMM-
077Z) was used according the manufacture’s instruction. Genes representing the host acute-
phase response, inflammatory response, and humoral immune responses is shown in Figure 1. 
A reaction mixture was prepared using 102 µL cDNA, 1248 µL water and 1350 µL SYBR 
Green/ROX. Analysis was performed using the Sabioscences web portal 
(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php), which performs the ΔΔCt 
method.  
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Chemokines: CCL11 (Eotaxin), CCL13 (MCP-4), CCL16 (HCC4), CCL17 (TARC), CCL19, CCL2 (MCP-1), 
CCL21 (MIP-2), CCL22 (MDC), CCL23 (MPIF-1), CCL24 (Eotaxin-2), CCL3 (MIP-1A), CCL4 (MIP-1B), CCL5 
(RANTES), CCL7 (MCP-3), CCL8 (MCP-2), CXCL1, CXCL10 (INP10), CXCL2, CXCL3, CXCL5 (ENA78/LIX), 
CXCL6 (GCP-2), CXCL9 (MIG) 
Interleukins: IL10, IL15, IL17A, IL18, IL1A, IL1B, IL1RN, IL22, IL23A, IL5, IL6, IL8 
Other Cytokines: CD40LG (TNFSF5), CSF1 (MCSF), FASLG (TNFSF6), IFNG, LTA (TNFB), LTB, TNF, 
TNFSF14 
Cytokine Receptors: IL10RB, IL1R1, IL1RAP, IL23R, IL6R 
Chemokine Receptors: CCR1, CCR2, CCR3, CCR4, CCR7, CXCR1 (IL8RA), CXCR2 (IL8RB), CXCR4 
Cytokine Metabolism: IL10, IL18, TLR1, TLR3, TLR4, TLR6 
Cytokine-Mediated Signaling Pathway: CCL2 (MCP-1), CCL5 (RANTES), CCR1, CCR2, IFNG, IL1A, IL1B, 
IL1R1, IL1RN, IL5, IL6, IL6R, MYD88, RIPK2, TNF 
Acute-Phase Response: CCL5 (RANTES), CEBPB, CRP, IL1A, IL1B, IL1RN, IL22, IL6, IL6R, PTGS2 (COX2), 
TNF 
Chronic Inflammatory Response: CCL11 (Eotaxin), CCL5 (RANTES), IL1B, LTA (TNFB), TNF 
Regulation of Inflammatory Response: BCL6, C3, C3AR1, CCL13 (MCP-4), CCL16 (HCC4), CCL17 (TARC), 
CCL19, CCL2 (MCP-2), CCL21 (MIP-2), CCL22 (MDC), CCL23 (MPIF-1), CCL24 (Eotaxin-2), CCL3 (MIP-1A), 
CCL4 (MIP-1B), CCL7 (MCP-3), CCL8 (MCP-2), CCR1, CCR2, CCR3, CCR4, CCR7, CD14, CD40 (TNFRSF5), 
CD40LG (TNFSF5), CXCL1, CXCL10 (INP10), CXCL2, CXCL3, CXCL5 (ENA78/LIX), CXCL6 (GCP-2), 
CXCL9 (MIG), CXCR1 (IL8RA), CXCR2 (IL8RB), FOS, IL10, IL10RB, IL1R1, IL1RAP, IL8, IL9, ITGB2, 
KNG1, LY96 (MD-2), MYD88, NFKB1, NOS2 (iNOS), NR3C1 (GRL), RIPK2, SELE, TIRAP, TLR1, TLR2, 
TLR3, TLR4, TLR5, TLR6, TLR7, TLR9, TOLLIP 
Humoral Immune Response: C3, CCL16, CCL2 (MCP-1), CCL22 (MDC), CCL3 (MIP-1A), CCL7 (MCP-3), 
CCR2, CCR7, CD40 (TNFRSF5), IL10, IL18, IL1B, IL6, ITGB2, LY96 (MD-2), NFKB1 
 
Figure 1. Genes representing the host acute-phase response, inflammatory response and humoral immune 
responses 
 
Quantitative Real-Time PCR  
Based on PCR array analysis, three genes (IL-6, IL8 and IL-15) that presented a 
significant up- or down-regulation were selected to be evaluated using quantitative real time 
PCR (Quantitech Primers, Qiagen). Housekeeping gene GAPDH was used to normalize the 
expression of each gene. 
 
Cytokine assay 
The inflammatory cytokines released by HGF-1 were determined by using Multi-Analyte 
ELISA Array assays for human cytokine inflammatory responses (Qiagen Inc, Valencia, CA). 
The supernatants were collected and cytokines were measured by conventional ELISA 
protocol using a panel of 12 proinflammatory cytokines. The cytokines and chemokines 
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represented by this array were IL1α, IL1β, IL2, IL4, IL6, IL8, IL10, IL12, IL17A, IFNγ, 
TNFα, and GM-CSF. The color intensity was measured by absorbance at 450 nm in a 
microplate reader SpectraMax M5 (Molecular Devices, SunnyVale, CA). 
 
Statistical analysis 
Data were analysed using STATA
TM
 (Version 10.0, Stata Corporation, College Station, 
TX, USA) and GraphPad (Version 5.0, GraphPad Software Inc., San Diego, CA) considering 
α=0.05. The Shapiro–Wilk test was used for the assessment of normality. For multiple group 
comparisons, data were subjected to One-way analysis of variance (ANOVA) and Tukey pos-
test for pair-wise differences within groups.  
 
Results 
  
Cell Viability Test  
A viability test was used to determine the effects of the treatments and select the best 
exposure time that mimics the clinical conditions (Figure 2). AS I did not affect significantly 
cell viability; the decrease was 3.41%, 1.42% and 2.81% at 30, 60 and 120 seconds, 
respectively. AS II showed a decrease of 8.91%, 9.38% and 10.11% in cell viability after 30, 
60 and 120 seconds, respectively.  
AS III was excluded from the further analysis because of the low viability presented: 
51.45%, 52.30% and 52.73% after the same exposure times.  
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Figure 2. Cytotoxic effect of AS I (Kin Hidrat
®
), AS II (ACT Dry Mouth
®
), and AS III (Dry Mouth Oral Rinse 
Biotène
®
) on fibroblasts cells. The control group considered as 100% of viable cells was fibroblast group, no 
treatment applied.  Log time response. **Significant difference between EC50 values (p < 0.05; ANOVA, 
Tukey´s multiple comparison). Data are expressed as mean±SD, n=9. 
 
Analysis Using RT
2 
Profiler PCR Array 
Alterations in mRNA transcript levels in HS, AS I and AS II were initially assessed by 
using the RT
2
 Profiler PCR Array, where 84 genes were screened and analyzed on the 
SABiosciences web portal software. The results showed that AS I and AS II had different 
effects in the transcript abundance responses (Figure 3 and Figure 4). 
 
 
Figure 3. The human Inflammatory Response & Autoimmunity RT
2 
profiler PCR Array. 
Genes in the inflammatory pathway down-regulated by the treatment with Artificial Saliva I. 
 
Gene Symbol Official  
Full Name 
Fold Regulation RT2 Catalog 
IL-8 interleukin 8 -7,8147 PPH00568A 
LTB Lymphotoxin B -6,0371 PPH00342F 
RIPK2 Receptor interacting serine/threonine 
kinase 2 
-11,3323 PPH00881C 
TOLLIP Toll interacting protein -2,0837 PPH05844C 
HPRT1 Hypoxanthine phosphoribosyltransferase 1 -2,4625 PPH01018C 
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Figure 4. The human Inflammatory Response & Autoimmunity RT
2 
profiler PCR Array. 
Genes in the inflammatory pathway down-regulated by the treatment with Artificial Saliva II. 
 
Gene 
Symbol 
Official  
Full Name 
Fold 
Regulation 
RT2 Catalog 
CCR3 C-C motif chemokine receptor 3  -28,2483 PPH00613B 
CCR4 C-C motif chemokine receptor 4  -19,5821 PPH00614A 
CCR7 C-C motif chemokine receptor 7  -5,8528 PPH00617A 
CD14 CD14 molecule -9,2446 PPH05723A 
CXCL1 C-X-C motif chemokine ligand 1 -3,6678 PPH00696C 
CXCL10 C-X-C motif chemokine ligand 10 -3,3249 PPH00765E 
CXCL2 C-X-C motif chemokine ligand 2  -20,6994 PPH00552F 
CXCL3 C-X-C motif chemokine ligand 3  -4,179 PPH00557C 
CXCL5 C-X-C motif chemokine ligand 5 -4,2677 PPH00698B 
FASLG Fas ligand -7,3478 PPH00142C 
IFNG Interferon, gamma -3,9336 PPH00380C 
IL10 Interleukin 10 -13,1368 PPH00572C 
IL10RB Interleukin 10 receptor subunit beta -2,6034 PPH00592F 
IL22 Interleukin 22 -4,7363 PPH01079C 
IL23A Interleukin 23 subunit alpha  -10,2975 PPH01688B 
IL5 Interleukin 5 -21,9983 PPH00692B 
LTA Lymphotoxin alpha -2,3291 PPH00337F 
LTB Lymphotoxin beta -2,6176 PPH00342F 
MYD88 Myeloid differentiation primary response 88 -10,9966 PPH00911B 
NFKB1 Nuclear factor of kappa light polypeptide gene 
enhancer in B-cells 1 
-28,0297 PPH00204F 
NOS2 Nitric oxide synthase 2 -6,8113 PPH00173F 
TLR3 Toll like receptor 3 -2,6239 PPH01803E 
TLR4 Toll like receptor 4 -14,8595 PPH01795F 
TLR5 Toll like receptor 5 -2,8446 PPH01793F 
TLR6 Toll like receptor 6 -55,2823 PPH01798E 
TLR7 Toll like receptor 7 -2,4746 PPH01796A 
TLR9 Toll like receptor 9 -5,3055 PPH01809A 
GAPDH Glyceraldehyde-3-phosphate dehydrogenase -2,8863 PPH00150F 
HPRT1 Hypoxanthine phosphoribosyltransferase 1 -2,3885 PPH01018C 
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Quantitative Real-Time PCR 
The quantitative real-time RT-PCR (qRT-PCR) was performed using three genes (IL-6, 
IL-8 and IL-15) selected according to previous study [10]. The reference control gene was 
GAPDH and the calibrator method was the non-treated control group. A minus-reverse 
transcriptase control (NAC) was included in all qPCR experiments.  
As observed in Figure 5, the results found by PCR measurements confirmed the array 
measurements; the relative transcript amounts for IL-6, IL-8 and IL-15 did not vary 
significantly between HS, AS I and AS II (p>0.05). 
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Figure 5. Relative transcript amounts for IL-6, IL-8 and IL-15 performed by qRT- PCR with 50 ng of each 
cDNA (p<0.05; One-way ANOVA and Tukey´s multiple comparison). 
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Cytokine assay 
At the protein level, AS I showed a decrease in abundance of IL1β, IL6, IL8, IL10, IL12, 
IL17A and IFNγ, compared to control (HS) (p<0.05).  
Considering the response to AS II, IL1α, IL1β, IL4, IL6, IL8, IL10, IL12, IL17A, IFNγ, 
TNFα and GM-CSF were significantly decreased in abundance (Figure 6), that is, a larger 
number of cytokines were regulated comparing to AS I. 
The level of IL-2 did not differ significantly between treatments and there was no 
significant difference between AS I and AS II. 
 
 
Figure 6. Cytokine Assay. Absorbance values of IL1α, IL1β, IL2, IL4, IL6, IL8, IL10, IL12, IL17A, IFNγ, 
TNFα, and GM-CSF in the supernatant after 120 seconds of artificial saliva exposition and 24 hours in media 
without serum. Cells were treated with 1 mL of AS I, AS II and control (HS). Data are expressed as mean±SD. 
(*p<0.05 significantly different from HS control group; One-way ANOVA followed by Tukey's Multiple 
Comparison Test). There was no significant difference between AS I and AS II. 
 
Discussion 
Xerostomia and/or hyposalivation are common symptoms present in several systemic 
diseases. Despite the wide use of AS, there is a lack of studies showing its efficacy and 
toxicity, and the modest amount of work that has been done showed that AS and its 
components were able to alter the expression of proinflammatory cytokines in oral and dermal 
fibroblasts [9,10]. 
In the present study, the period of 120 seconds of AS exposure was chosen as proposed 
previously [20] and, using this time of exposure, AS I and AS II did not significantly affect 
cell viability, as a decrease of 2.81% and 10.11% was observed, respectively. AS III showed 
low viability, 51.45%, 52.30% and 52.73% after 30, 60 and 120 seconds of exposition, and it 
was excluded of the following analysis. The low cell viability induced by AS III could be 
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associated with increased apoptosis and reduced proliferation of oral fibroblasts. However, the 
deleterious effects of AS III on cell viability observed in this study should be further 
investigated.  
In spite of the lack of changes in the corresponding mRNA species, AS I and AS II 
showed a decrease in abundance in a panel of inflammatory mediators at the protein level. AS 
I and AS II showed a decrease in IL1β, IL6, IL8, IL10, IL12, IL17A and IFNγ; in addition, 
IL1α, IL4, TNFα and GM-CSF were also regulated in response to AS II. Tumor necrosis 
factors (TNFα) initiate inflammation, orchestrate the development and regulate lymphocyte 
homeostasis and proliferation; and colony-stimulating and growth factors (GM-CSF) promote 
proliferation of hematopoietic and somatic cells [23]. The cytokines IL6 and IL8 are highly 
expressed at wound site, attract and activate immune cells [24,25]. The only exception for 
both AS was the level of IL2, which did not differ significantly between treatments. 
On the other hand, AS Orthana
®
 (10-fold diluted) provoked a substantial increased 
expression of CXCL8, CXCL1, and CXCL2 in gingival fibroblasts, which was confirmed at 
the protein level in a past study [9]; in the same study, the other three types of AS 
(Aldiamed
®
, Glandosane
®
 and Saliva Natura
®
) did not regulate the chemokines expression in 
oral fibroblasts, while the AS Glandosane
®
 showed significant increased CXCL8 expression 
in oral epithelial cells. These findings suggest that oral fibroblasts and epithelial cells may 
present different responsiveness to AS. Also, the study of Cvikl et al. [19] showed that HS can 
provoke a robust increase in the expression of chemokines in oral fibroblasts, but a moderate 
regulation in oral epithelial cells. Although the present study has evaluated only oral 
fibroblasts, the connective tissue is exposed every time when epithelial layer is interrupted. 
The increase in cytokines expression in oral fibroblasts regulated by natural saliva helps with 
attracting cells of the innate immune system that can advance the healing process [19]. When 
considering the use of AS by patients with chronic diseases suffering from hyposalivation, 
and who in general present mouth ulcers, this anti-inflammatory activity may be interesting. 
Malpass et al. [10] found an increase in the release of IL8 and IL6 induced by an AS in 
human dermal fibroblasts. When testing which component in AS were responsible for the 
proinflammatory response, they observed that active α-amylase induced gene expression for 
many proinflammatory cytokines, including IL8, IL6, and TNF-α; the authors, thus, 
emphasized the importance of the toxicity evaluation of each AS component. Müller et al. [9] 
also drew attention to possible role of mucins to cause the expression of chemokines; in that 
study, recombinant mucin 1 increased the expression of CXCL8 in gingival fibroblasts, and 
AS Orthana® contains mucins. 
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According to the manufacturer, AS II (ACT Dry Mouth
®
) contains five anti-
inflammatory/antioxidant botanicals, which could potentiate the anti-inflammatory effect. The 
inhibition of chemokine expression induced by an AS component with anti-inflammatory 
activity was also reported earlier [9]; Aloe Barbadensis, a component found in Aldiamed
®
, 
showed a decrease of CXCL8 and proinflammatory cytokines expression in macrophages 
[26]. 
Although the cytokines expression has shown statistically significant changes at the 
protein level, the lack of changes in the corresponding mRNA species found indicates that 
post-transcriptional regulation of protein abundance plays an important role and alters 
cytokine release into the culture media [27]. Production and maintenance of cellular protein 
requires a remarkable series of linked processes, transcription, processing and degradation of 
mRNAs to the translation, localization, modification and programmed destruction of the 
proteins themselves, and protein abundances reflect a dynamic balance among these processes 
[28].  
Even though AS is made to mimic the physiological counterpart, it is known that the 
composition of natural saliva is more complex than the substitute’s [29]. The understanding of 
the biological and physiological properties of AS is crucial for the development of an 
effective and safe salivary substitute. Thus, future researches are needed to better understand 
how the alteration in protein expression occurs in oral mucosa exposed to AS in terms of 
biological properties and toxicity in clinical conditions. 
 
 
Conclusions 
According to our findings, the exposure of human oral fibroblasts on two commercially 
available artificial saliva regulated a large fraction of the cytokines at the protein level, with a 
significant anti-inflammatory response in an in vitro model.  
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3 DISCUSSÃO 
A saliva é uma secreção glandular, que banha constantemente os dentes e a 
mucosa oral e que tem recebido bastante atenção da comunidade científica pelo uso potencial 
de seus marcadores nos processos de saúde-doença; além disso, pode ser facilmente coletada 
e de forma não invasiva em recém-nascidos, crianças, adultos e idosos (Kawas et al., 2012; 
Chiappin et al., 2007; Takagi et al., 2013). É essencial para funções vitais como a mastigação, 
fala e deglutição, assim como para a saúde bucal. Este estudo teve como objetivo avaliar as 
características salivares tanto em condições saudáveis, quanto nas alterações metabólicas e os 
resultados estão apresentados em três artigos. A relação entre as propriedades físico-químicas 
da saliva, sensibilidade gustativa e mastigação também foi explorada. 
De acordo com os resultados encontrados no primeiro artigo, um maior fluxo 
salivar correlacionou-se com menores concentrações de cálcio e fósforo, concordando com os 
achados de Campos et al. (2014). A diminuição da concentração de fósforo que ocorre na 
saliva secretada sob estimulação, por conter maior volume de água, é compensada pela maior 
secreção de bicarbonato e aumento do pH (Edgar et al., 2004). De acordo com os achados do 
segundo artigo, crianças obesas apresentaram menor pH na saliva estimulada do que crianças 
com sobrepeso, embora os valores de pH salivar encontrados nos três grupos avaliados 
estivessem dentro da faixa considerada normal (Humphrey & Williamson, 2001). A saliva é 
supersaturada com íons cálcio, fosfato e hidroxila quando o pH está acima do valor “crítico”, 
cerca de 5,5; abaixo desse valor, a saliva e o biofilme permanecem insaturados (Edgar, 1990) 
aumentando a susceptibilidade à cárie dentária. Já no estudo de Pannunzio et al. (2010), o 
grupo com excesso de peso mostrou maiores valores de pH para a saliva total estimulada que 
o grupo controle. O estudo de Tremblay et al. (2012), que envolveu mulheres com idades 
entre 24 e 82 anos, observou que quanto maior a quantidade de aspectos que caracterizavam a 
síndrome metabólica, menores eram os valores do pH salivar. Portanto, se desordens 
metabólicas presentes desde a infância até a fase adulta podem alterar as características físico-
químicas da saliva, isto deve ser mais bem examinado em estudos futuros. 
Uma relação significativa entre a porcentagem de gordura e alguns parâmetros 
salivares foi encontrada. A adiposidade relacionou-se negativamente com o Δ fluxo salivar 
(ou seja, menor secreção salivar frente ao estímulo) e com a concentração de fósforo na saliva 
não estimulada. Estes resultados estão de acordo com estudos prévios realizados em obesos 
jovens que apresentaram diminuição significativa na taxa de fluxo salivar comparado com o 
grupo de crianças com peso normal (Modéer et al., 2010; Pannunzio et al., 2010; Fadel et al., 
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2014). O estudo realizado por Pannunzio et al. (2010) também mostrou diminuição na 
concentração de fosfato e atividade da peroxidase entre crianças obesas e os autores 
concluíram que essas alterações poderiam estar relacionadas ao um risco maior de 
desenvolver cárie dentária, como foi observado em indivíduos obesos (Modéer et al., 2010). 
Um estudo prévio realizado em ratos observou que o regime alimentar rico em açúcar tem um 
efeito importante sobre o fosfato salivar e plasmático, uma vez que os tecidos precisam do 
fosfato para assimilar os carboidratos (Speirs, 1966). Dessa forma, estudos clínicos futuros 
são necessários para se verificar a relação entre dieta rica em carboidratos, excesso de peso e 
concentrações de fosfato salivar. Dos eletrólitos salivares, cálcio, fosfato, bicarbonato e flúor, 
são de particular importância para a saúde oral (Dawes, 2008). Em indivíduos com os 
parâmetros salivares inorgânicos alterados, baixo pH salivar e taxa de fluxo salivar reduzida, 
o biofilme pode ser mais acidogênico, podendo ocorrer desmineralização do esmalte; 
portanto, esses indivíduos são mais propensos a uma saúde bucal comprometida (Fiyaz et al., 
2013).  
No primeiro artigo, observou-se que as crianças eutróficas mais velhas 
apresentaram maiores escores para a sensibilidade gustativa. Genética, efeitos hormonais e de 
aprendizagem, idade e fatores socioculturais têm sido citados na literatura por influenciar essa 
variável (Tschoppe et al., 2011; Harris, 2008; Overberg et al., 2012). Já entre crianças com 
diferentes classificações nutricionais (eutrofia, sobrepeso e obesidade), não foi observada 
diferença significativa no paladar (Artigo 2). Estudos em indivíduos jovens são escassos e, 
embora alguns estudos tenham observado diferenças no paladar entre adultos obesos e não 
obesos (Tepper & Ullrich, 2002; Goldstein et al., 2005; Donaldson et al., 2009), é importante 
considerar que fatores etários e culturais também influenciam a sensibilidade gustativa e 
acredita-se ser responsável pela sua variação durante a vida (Overberg et al., 2012). Outro 
resultado interessante, relacionado ao paladar, foi encontrado no artigo 1: observou-se 
correlação positiva entre o sabor amargo e o fluxo salivar não estimulado. Com relação a este 
resultado, sabe-se do papel da saliva na dissolução de substâncias para que estas possam 
alcançar e estimular os receptores de sabor (Fabian et al., 2015). Estudos prévios observaram 
que sujeitos com maiores taxas de fluxo salivar exibiram maior percepção para o sabor ácido 
(Lugaz et al., 2015), assim como a variação na concentração de algumas proteínas salivares 
(amido, imunoglobulinas e albumina do soro) pode também estar relacionada com a melhoria 
na sensibilidade gustativa, principalmente ao sabor amargo (Dsamou et al., 2012). Uma 
correlação positiva significativa entre a sensibilidade ao doce e a concentração de amilase na 
saliva não estimulada foi encontrada. A amilase é responsável pela quebra de amido na 
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cavidade bucal e responde por até 50% da proteína salivar humana. Embora a maior parte do 
amido ingerido seja digerido no intestino delgado pela amilase pancreática, estudos anteriores 
relacionaram a percepção oral de alimentos ricos em amido com os níveis de amilase salivar, 
o que beneficiaria o perfil nutricional destes indivíduos (de Wijk et al., 2004; Chen et al., 
2015). 
Ainda, na avaliação das variáveis que mais contribuíram para a variação na 
performance mastigatória de crianças com peso normal, observou-se que a performance 
mastigatória foi dependente da força de mordida, corroborando resultados encontrados 
anteriormente (Toro et al., 2006; Marquezin et al., 2013); entretanto, o modelo utilizado 
representa apenas 7% da variação do componente “b”, que descreve as diferentes 
distribuições das partículas mastigadas. Força de mordida é o esforço máximo voluntário 
exercido pelos músculos da mastigação entre os dentes superiores e inferiores; uma vez que a 
quebra dos alimentos não exige apenas a força máxima outras variáveis não incluídas neste 
trabalho podem também influenciar a variação na performance mastigatória, como a dieta, 
morfologia craniofacial e área de contato oclusal (English et al., 2002). O fluxo salivar não se 
relacionou significativamente com a performance da mastigação, embora seja importante 
considerar que as crianças incluídas no estudo eram saudáveis e não apresentavam alterações 
no fluxo salivar. O papel da saliva na formação do bolo alimentar é mais evidente nos casos 
em que se observam alterações importantes em sua secreção, como nos idosos em que a 
redução na performance da mastigação é associada à diminuição no fluxo salivar (Ikebe et al., 
2011). 
O artigo 3 mostra os resultados do estudo da resposta inflamatória de fibroblastos 
orais humanos (HGF-1) expostos a três salivas artificiais (SA I, II e III) disponíveis 
comercialmente em um modelo in vitro e tendo a saliva humana como controle. A expressão 
de citocinas pro-inflamatórias foi avaliada por meio de PCR-array, PCR em tempo real e 
imunoensaio (utilizando-se um painel de 12 citocinas). Após um tempo de exposição pré-
definido de 120 segundos, observou-se baixa viabilidade celular frente à SA III. A expressão 
dos marcadores inflamatórios não diferiu entre os tratamentos na análise gênica (PCR-array), 
mas uma redução significativa nos níveis de citocinas secretadas no meio de cultura foi 
observada nos tratamentos com SA I e SA II, com uma resposta anti-inflamatória robusta 
frente à SA II quando comparada à SA I. No estudo de Müller et al. (2015), a SA Orthana® 
(diluída) provocou aumento significativo na expressão das citocinas CXCL8, CXCL1, e 
CXCL2 em fibroblastos gengivais, o que foi confirmado no nível proteico; no mesmo estudo, 
as demais três marcas comerciais testadas (Aldiamed®, Glandosane® e Saliva Natura®) não 
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mostraram alterações significativas na expressão dessas citocinas. As SA têm sido utilizadas 
em pacientes oncológicos e idosos, os quais apresentam sintomas orais de boca seca, dor 
durante a mastigação, fala e deglutição e ulcerações da mucosa. Um efeito anti-inflamatório 
destes substitutos salivares seria, nesses casos, de interesse. Assim, o entendimento de suas 
propriedades biológicas é necessário para o desenvolvimento de substitutos salivares eficazes 
e seguros. 
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4 CONCLUSÃO 
Os resultados encontrados nos estudos realizados permitem-nos concluir que: 
 
 A concentração de certos analitos salivares correlacionou-se com o fluxo, pH e a 
sensibilidade gustativa; estudos exploratórios em crianças saudáveis são raros, mas 
importantes para compreender as funções salivar e mastigatória, auxiliando o diagnóstico 
precoce de alterações;  
 As características salivares podem diferir entre indivíduos com diferentes 
classificações nutricionais e relacionar-se com o excesso de peso; por isso a importância que 
estes sujeitos recebam mais atenção quanto a medidas preventivas em saúde bucal; 
 Uma redução significativa nos níveis de citocinas secretadas por fibroblastos orais 
humanos foi observada nos tratamentos com saliva artificial em um modelo in vitro; efeito 
este que pode ser favorável em casos de pacientes que apresentam hipossalivação e ulcerações 
bucais. 
 
 
 
 
 
 
 
 
 
 
 
 
 
80 
 
*De acordo com as normas da UNICAMP/FOP, baseadas na padronização do International Committee of 
Medical Journal Editors- Vancouver Group. Abreviatura dos periódicos em conformidade com o PubMed 
REFERÊNCIAS*  
 
Baker JL, Olsen LW, Sørensen TI. Childhood body-mass index and the risk of coronary heart 
disease in adulthood. N Engl J Med. 2007 Dec 6; 357(23):2329-37. 
Budtz-Jorgensen E, Chung JP, Mojon P. Sucessful aging – the case for prosthetic therapy. J 
Public Health Dent. 2000 Fall;60(4):308-12. 
Chen LH, Yang ZM, Chen WW, Lin J, Zhang M, Yang XR, et al. Attenuated acute salivary 
α-amylase responses to gustatory stimulation with citric acid in thin children. Br J Nutr 
2015 Apr 14;113(7):1078-85. 
Chiappin S, Antonelli G, Gatti R, De Palo EF. Saliva specimen: a new laboratory tool for 
diagnostic and basic investigation. Clin Chim Acta. 2007 Aug;383(1-2):30-40. 
Dawes C. Salivary flow patterns and the health of hard and soft oral tissues. J Am Dent Assoc 
2008 May;139 Suppl:18S-24S. Review. 
de Campos MM, Kobayashi FY, Barbosa Tde S, Costa Sda S, Lucas Bde L, Castelo PM. 
Characteristics of salivary secretion in normal-weight, overweight and obese children: a 
preliminary study: salivary composition and excessive fat tissue. Odontology. 2014 
Jul;102(2):318-24. 
de Wijk RA, Prinz JF, Engelen L, Weenen H. The role of alpha-amylase in the perception of 
oral texture and flavour in custards. Physiol Behav. 2004 Oct 30;83(1):81-91. 
Donaldson LF, Bennett L, Baic S, Melichar JK. Taste and weight: is there a link? Am J Clin 
Nutr. 2009 Sep;90(3):800S–803S. 
Drewnowski A. Taste preferences and food intake. Annu Rev Nutr. 1997;17:237-53. 
Dsamou M, Palicki O, Septier C, Chabanet C, Lucchi G, Ducoroy P, et al. Salivary protein 
profiles and sensitivity to the bitter taste of caffeine. Chem Senses. 2012 Jan;37(1):87-95. 
Edgar M, Dawes C, O’Mullane D. Saliva and oral health. 3rd ed. London: British Dental 
Association 2004. 
81 
 
 
Edgar WM. Saliva and dental health. Clinical  implications of saliva: report of a consensus 
meeting. Br Dent J. 1990 Aug;169(3-4):96-8. 
English JD, Buschang PH, Throckmorton GS. Does malocclusion Affect Masticatory 
performance? Angle Orthod. 2002 Feb;72(1):21-7. 
Fábián TK, Beck A, Fejérdy P, Hermann P, Fábián G. Molecular mechanisms of taste 
recognition: considerations about the role of saliva. Int J Mol Sci. 2015 Mar 
13;16(3):5945-74. 
Fadel HT, Pliaki A, Gronowitz E, Mårild S, Ramberg P, Dahlèn G, et al. Clinical and 
biological indicators of dental caries and periodontal disease in adolescents with or without 
obesity. Clin Oral Investig. 2014;18(2):359-68. 
Fiyaz M, Ramesh A, Ramalingam K, Thomas B, Shetty S, Prakash P. Association of salivary 
calcium, phosphate, pH and flow rate on oral health: A study on 90 subjects. J Indian Soc 
Periodontol. 2013 Jul;17(4):454-60. 
Fontaine KR, Redden DT, Wang C, Westfall AO, Allison DB. Years of life lost due to 
obesity. JAMA. 2003 Jan 8;289(2):187-93. 
Goldstein GL, Daun H, Tepper BJ. Adiposity in middle-aged women is associated with 
genetic taste blindness to 6-n-propylthiouracil. Obes Res 2005 Jun;13(6):1017-23. 
Harris G. Development of taste and food preferences in children. Curr Opin Clin Nutr Metab 
Care. 2008 May;11(3):315–9. 
Heinzerling CI, Stieger M, Bult JH, Smit G. Individually Modified Saliva Delivery Changes 
the Perceived Intensity of Saltiness and Sourness. Chemosens Percept. 2011 Dec;4(4):145-
53. 
Humphrey SP, Williamson RT. A review of saliva: normal composition, flow, and function. J 
Prosthet Dent. 2001 Feb;85(2):162-9. Review. 
82 
 
 
Ikebe K, Matsuda K, Kagawa R, Enoki K, Yoshida M, Maeda Y, et al. Association of 
masticatory performance with age, gender, number of teeth, occlusal force and salivary 
flow in Japanese older adults: is ageing a risk factor for masticatory dysfunction? Arch 
Oral Biol 2011 Oct;56(10):991-6. 
Javaid MA, Ahmed AS, Durand R, Tran SD. Saliva as a diagnostic tool for oral and systemic 
diseases. J Oral Biol Craniofac Res. 2016 Jan-Apr;6(1):66-75. 
Kawas SA, Rahim ZH, Ferguson DB. Potential uses of human salivary protein and peptide 
analysis in the diagnosis of disease. Arch Oral Biol. 2012 Jan;57(1):1-9. 
Laurin D, Brodeur JM, Bourdages J, Vallee R, Lachapelle D. Fibre intake in elderly 
individuals with poor masticatory performance. J Can Dent Assoc. 1994 May;60(5):443-9. 
Lugaz O, Pillias AM, Boireau-Ducept N, Faurion A. Time-intensity evaluation of acid taste in 
subjects with saliva high flow and low flow rates for acids of various chemical properties. 
Chem Senses. 2005 Jan;30(1):89-103. 
Malpass GE, Arimilli S, Prasad GL, Howlett AC. Complete artificial saliva alters expression 
of proinflammatory cytokines in human dermal fibroblasts. Toxicol Sci. 2013 
Jul;134(1):18-25. 
Marquezin MC, Kobayashi FY, Montes AB, Gavião MB, Castelo PM. Assessment of 
masticatory performance, bite force, orthodontic treatment need and orofacial dysfunction 
in children and adolescents. Arch Oral Biol. 2013 Mar;58(3):286-92. 
Mennella JA, Pepino MY, Reed DR. Genetic and environmental determinants of bitter 
perception and sweet preferences. Pediatrics. 2005 Feb;115(2):216-22. 
Modéer T, Blomberg CC, Wondimu B, Julihn A, Marcus C. Association between obesity, 
flow rate of whole saliva, and dental caries in adolescents. Obesity (Silver Spring). 2010 
Dec;18(12):2367-73. 
83 
 
 
Monteiro CA, Conde WL, Popkin BM. Independent effects of income and education on the 
risk of obesity in the Brazilian adult population. J Nutr. 2001 Mar;131(3):881S-886S. 
Moreira AR, Passos IA, Sampaio FC, Soares MSM, Oliveira RJ. Flow rate, pH and calcium 
concentration of saliva of children and adolescents with type 1 diabetes mellitus. Braz J 
Med Biol Res. 2009 Aug;42(8):707-11. 
Müller HD, Cvikl B, Lussi A, Gruber R. Chemokine expression of oral fibroblasts and 
epithelial cells in response to artificial saliva. Clin Oral Investig. 2015 Sep 5. [Epub ahead 
of print]. 
Navazesh M, Brightman VJ, Pogoda JM. Relationship of medical status, medications, and 
salivary flow rates in adults of different ages. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 1996 Feb;81(2):172-6. 
Nicolau J. Fundamentos de bioquímica oral. 1. Ed. Rio de Janeiro: Guanabara Koogan; 2009. 
Overberg J, Hummel T, Krude H, Wiegand S. Differences in taste sensitivity between obese 
and non-obese children and adolescents. Arch Dis Child. 2012 Dec;97(12):1048-52. 
Pannunzio E, Amancio OMS, Vitalle MSS, Souza DN, Mendes FM, Nicolau J. Analysis of 
the stimulated whole saliva in overweight and obese school children. Rev Assoc Med Bras. 
2010 Jan-Feb;56(1):32-6. 
Papas AS, Palmer CA, Rounds MC, Russell RM. The effects of denture status on nutrition. 
Spec Care Dentist. 1998 Jan-Feb;18(1):17-25. 
Pereira, LJ, Gaviao, MBD, Van Der Bilt, A. Influence of oral characteristics and food 
products on masticatory function. Acta Odontol Scand. 2006 Aug;64(4):193-201. 
Pinheiro ARO, Freitas SFT, Corso ACT. An epidemiological approach to obesity. Rev Nutr 
Campinas. 2004;17:523-533.  
84 
 
 
Ramanathan AS, Senguttuvan P, Prakash V, Vengadesan A, Padmaraj R. Budding adult 
hypertensives with modifiable risk factors: "Catch them young". J Family Community 
Med. 2016 Jan-Apr;23(1):38-42. 
Silva MP, Chibebe Junior J, Jorjão AL, Machado AK, Oliveira LD, Junqueira JC, et al. 
Influence of artificial saliva in biofilm formation of Candida albicans in vitro. Braz Oral 
Res. 2012 Jan-Feb;26(1):24-8. 
Speirs RL. The blood sugar level and phosphate concentrations in plasma and saliva in rats 
fed diets with different carbohydrate and protein contents. Arch Oral Biol 1966 
Jul;11(7):717-27. 
Takagi K, Ishikura Y, Hiramatsu M, Nakamura K, Degawa M. Development of a saliva 
collection device for use in the field. Clin Chim Acta. 2013 Oct 21;425:181-5. 
Tepper BJ, Ullrich NV. Influence of genetic taste sensitivity to 6-n-propylthiouracil (PROP), 
dietary restraint and disinhibition on body mass index in middle-aged women. Physiol 
Behav 2002 Mar;75:305-12. 
Toro A, Buschang PH, Throckmorton G, Roldan S. Masticatory performance in children and 
adolescents with Class I and II malocclusions. Eur J Orthod. 2006 Apr;28(2):112-9. 
Tremblay M, Brisson D, Gaudet D. Association between salivary pH and metabolic syndrome 
in women: a cross-sectional study. BMC Oral Health. 2012 Sep 8;12:40. 
Tschoppe P, Zandim DL, Martus P, Kielbassa AM. Enamel and dentine remineralization by 
nano-hydroxyapatite toothpastes. J Dent. 2011 Jun;39(6):430-7.  
World Health Organization. WHO. [acesso 2016 Mar 31]. Disponível em: 
http://www.who.int/mediacentre/factsheets/fs311/en/ 
 
 
 
85 
 
 
APÊNDICES 
APÊNDICE 1 
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
 
 
         
As informações contidas neste documento visam convidá-lo a autorizar, por escrito, a participação do 
menor ___________________________________________________________, com pleno 
conhecimento da natureza dos procedimentos e riscos a que se submeterá o menor, com capacidade de 
livre arbítrio e sem qualquer coação.  
1. Título do trabalho: “Avaliação nutricional, salivar, mastigatória e da qualidade de vida de crianças 
pré-púberes com sobrepeso e obesas”. 
2. Responsáveis pela pesquisa: Profa. Dra. Paula Midori Castelo (responsável), Profa. Dra. Maria 
Beatriz D. Gavião (co-orientadora), Maria Carolina Salomé Marquezin e Darlle Santos Araújo 
(Cirurgiãs Dentistasapresentadoras deste termo) do Depto. de Odontologia Infantil da Faculdade de 
Odontologia de Piracicaba – UNICAMP (FOP-UNICAMP). 
3.Objetivos: Avaliar clinicamente a função mastigatória, salivar enutricional de crianças pré-púberes, 
de 6 a 10 anos de idade, de ambos os sexos, verificando-se também os impactos que podem acarretar a 
obesidade na qualidade de vida destes indivíduos. 
4. Justificativa: A prevalência de sobrepeso e obesidade vem aumentando rapidamente no mundo, 
sendo considerado um importante problema de saúde pública tanto em países desenvolvidos como em 
desenvolvimento. Alterações nas características bucais e dentárias da criança podem estar relacionadas 
a esta condição, e muitas vezes é desconhecida pelos pais e negligenciada pelos profissionais de saúde. 
O diagnóstico precoce de alterações na função mastigatória, sejam elas estruturais ou funcionais, é de 
grande importância para auxiliar o diagnóstico e o estabelecimento de planos de tratamento 
adequados. 
5. Procedimentos do experimento: Todos os procedimentos da pesquisa serão realizados pelas 
mesmas pesquisadoras (Cirurgiãs Dentistas): Maria Carolina Salomé Marquezin e Darlle Santos 
Araújo, na própria escola, em horários que não atrapalhem as atividades escolares.  
Seleção da amostra – serão selecionadas 300 crianças de ambos os sexos, de escolas públicas do 
município de Piracicaba (ensino fundamental), após a devida concordância da criança em participar da 
pesquisa e autorizada pelo seu responsável, de acordo com os seguintes procedimentos: 
Entrevista com o responsável – para verificar: histórico pré-natal, natal e pós-natal da criança, 
histórico dentário, hábitos de sucção (dedos, chupeta, lábios), ranger dos dentes, tipo e tempo de 
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aleitamento e uso de medicamentos. O consumo de alimentos (quantidade e tipo) por parte da criança 
também será investigado. 
Exame clínico odontológico e exame físico – o instrumental utilizado no exame clínico será o de uso 
rotineiro (espelho bucal e sonda esterilizados); a Cirurgiã Dentista estará usando equipamentos de 
proteção (gorro, máscara, jaleco e luvas descartáveis). Serão examinadas as condições dos lábios, 
gengiva, língua, palato, freios labial e lingual e saúde dentária. Além disso, serão realizadas as 
medições do peso corporal, altura, dobras cutâneas tricipital e subescapular, circunferência do braço e 
circunferência abdominal, utilizando trena, adipômetro e balança. 
Performance Mastigatória – a avaliação da capacidade mastigatória será realizada mastigando um 
material-teste não-tóxico que não será engolido e, sim, será eliminado em uma peneira para avaliação. 
Avaliação da força de mordida - A máxima força de mordida será medida usando um dinamômetro 
especial para as condições bucais de crianças. Trata-se de técnica sem dor, que não acarreta danos 
físicos à criança. 
Coleta e avaliação salivar – A saliva da criança será coletada para que o fluxo e a composição salivar 
sejam avaliadas, utilizando instrumental esterilizado. 
Avaliação da sensibilidade gustativa – o paladar para os sabores doce, salgado, amargo e ácido (azedo) 
serão avaliados gotejando quatro soluções líquidas não-tóxicas na da língua da criança. 
Avaliação de qualidade de vida da criança – Cada criança receberá dois questionários que deverão ser 
respondidos sem a interferência de qualquer outra pessoa, contendo perguntas sobre as relações 
familiares, sociais, atividades, saúde, funções corporais, autonomia e ansiedade. 
6. Possibilidade de inclusão em grupo controle/placebo: Todas as crianças serão avaliadas e 
receberão os mesmos procedimentos diagnósticos; portanto, não haverá grupo placebo.  
7. Métodos alternativos de diagnóstico ou tratamento da condição 
Os métodos conhecidos e consagrados pela literatura serão utilizados na pesquisa. Não será objetivo 
da pesquisa o tratamento da condição, mas será garantido à criança e seu responsável o esclarecimento 
sobre sua condição, os riscos à sua integridade física e o encaminhamento à Clínica de Especialização 
em Odontopediatria ou de Graduação em Odontologia da FOP-UNICAMP. 
8. Riscos previsíveis 
Os procedimentos realizados não oferecem riscos, pois os exames clínicos intra e extra-bucal seguem 
os passos da rotina clínica, utilizando-se instrumental e material adequados e esterilizados. Os exames 
da função mastigatória e salivar serão realizados sob a supervisão da Dentista e constituem técnicas 
indolores, não-invasivas, que não oferecem riscos à criança, pois utilizam materiais inócuos e seguem 
as regras de assepsia e limpeza preconizadas pela FOP – UNICAMP.  
 
 
 
87 
 
 
9. Benefícios e vantagens 
O tratamento preventivo e/ou curativo de lesões de cárie será viabilizado à criança por meio do 
encaminhamento à Clinica de Graduação em Odontologia e Pós-Graduação em Odontopediatria da 
FOP-UNICAMP, e os pais/responsáveis serão informados por escrito dessa eventual necessidade. Se a 
necessidade for urgente, a própria pesquisadora envolvida neste trabalho de pesquisa se 
responsabilizará pelo tratamento. Na presença de maloclusão (problemas ortodônticos), bruxismo ou 
alterações na função mastigatória, os responsáveis serão orientados; no caso da criança ainda não se 
encontrar em tratamento na rede pública/privada, o encaminhamento às estagiárias e alunas de pós-
graduação do Departamento de Odontologia Infantil será viabilizado, assim como o encaminhamento à 
clínica de graduação em Odontologia, se a criança apresentar idade e comportamento compatíveis, por 
meio do cadastro no banco de pacientes em espera de triagem. No entanto, será alertada ao 
responsável a possível demora deste procedimento devido à grande quantidade de pacientes 
cadastrados, podendo ele, se possível, buscar tratamento na rede particular ou pública. 
10. Acompanhamento e assistência ao sujeito 
O responsável pela criança tem a garantia de ser esclarecido sobre a condição de saúde da mesma. O 
tratamento preventivo e/ou curativo de lesões de cárie será viabilizado à criança por meio do 
encaminhamento à Clinica de Graduação em Odontologia e Pós-Graduação em Odontopediatria da 
FOP-UNICAMP, durante o período de duração da pesquisa, bem como, se necessário, os 
esclarecimentos para que procure atendimento por profissionais de outras áreas de saúde, como 
psicólogos, fonoaudiólogos, etc., e os pais/responsáveis serão informados por escrito dessa eventual 
necessidade. 
11. Garantia de esclarecimentos 
O responsável pelo menor tem a garantia de que receberá respostas a qualquer pergunta ou 
esclarecimento sobre qualquer dúvida referente aos procedimentos, riscos e benefícios empregados 
neste documento e outros relacionados à pesquisa, em qualquer momento.  
12. Garantia de ressarcimento/indenização/reparação de dano 
Não há previsão de ressarcimento ou indenização por dano, pois a participação na pesquisa não trará 
riscos, nem causará despesas ao voluntário.  
13. Garantia de sigilo 
Haverá sigilo e anonimato quanto aos dados confidenciais obtidos.  
14. Retirada do consentimento 
O responsável pelo menor tem a liberdade de retirar seu consentimento a qualquer momento e deixar 
de participar do estudo, sem qualquer prejuízo. 
15. Garantia de entrega de cópia 
 Este termo de consentimento compõe-se de duas cópias idênticas, sendo uma entregue ao responsável 
pelo menor e outra que será arquivada pelo Departamento. 
16. Consentimento pós-informação 
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Eu,_______________________________________________________, responsável pelo menor 
_______________________________________________, certifico que lias informações acima, fui 
suficientemente esclarecido (a) de todos os itens e estou plenamente de acordo com a realização do 
trabalho de pesquisa exposto. Piracicaba, ______ de ______________________ de __________. 
Nome (legível): _______________________________________Assinatura: 
____________________________ 
RG: ______________________________ CPF: _________________________________ 
Endereço: ____________________________________________________ tel: __________________ 
Atenção: A sua participação em qualquer tipo de pesquisa é voluntária. Em caso de dúvida quanto aos 
seus direitos, escreva para o Comitê de Ética em Pesquisa da FOP-UNICAMP. Endereço: Av. 
Limeira, 901 – Piracicaba – SP – cep 13414-900 ou pelo telefone: 19 - 21065287.  
E-mails: mariacarol_bariri@hotmail.com / darlle_araujo@fop.unicamp.br  
_____________________________________ 
Ass. Pesquisadora responsável  
Profa. Dra. Paula Midori Castelo 
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APÊNDICE 2 
IOTN - Index of Orthodontic Treatment Need 
 
COMPONENTE DENTÁRIO 
Avaliado por meio da utilização de uma régua específica, o mesmo é dividido em cinco pontuações ou 
escores, cada um correspondendo a uma das categorias abaixo relacionadas: 
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APÊNDICE 3 
Performance Mastigatória 
 
 
 
 
 
ANEXOS  
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Os componentes são misturados e colocados em moldes metálicos com compartimentos cúbicos medindo 5,6 milímetros, sob pressão 
mecânica (A,B,C,D,E). Os cubos permanecem na estufa por 16 horas, a 65ºC (F,G). Os indivíduos mastigam os cubos por 20 ciclos 
mastigatórios, que são expelidos em recipiente de vidro (H,I,J,K). Após a secagem, as partículas fragmentadas são removidas do papel 
filtro, passam através de uma série de 10 peneiras com aberturas que variam de 5,60 mm a 0,71 mm, sob vibração por 20 minutos e 
são pesadas em balança analítica (L,M,N,O,P). 
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APÊNDICE 4 
Efeito das salivas artificiais na resposta inflamatória de fibroblastos orais 
   
           
   
    
 
 
Fibroblastos mantidos em meio de cultura- DEMEM+10% FBS (A, B). Plaqueados em densidade de 1 × 105 (C). As células foram expostas à Saliva Humana 
filtrada (D) e Salivas artificiais: Kin Hidrat, ACT e Biotène (F, G, H). O método fluorométrico rezasurin- cell titer blue foi adicionado e a placa foi incubada 
por 3 horas (I, J). A leitura foi feita em fluorescência na leitora de microplacas (K, L). O RNA foi coletado por meio do kit Qiagen RNeasy Mini Kit column 
(Qiagen, CA, USA) (M), pureza e quantidade foram verificadas pela NanoDrop 2000 (Thermo Fisher Scientific Inc., Wilmington, DE) (N), RNA foi 
convertido em cDNA pelo cDNA Kit de Transcrição reversa (O) e levado ao aparelho CFX connect Real-Time System (P). Multi-Analyte ELISA para 
avaliação da resposta inflamatória de citocina humana (Q). 
A B C D 
E F G H 
I J K L 
M N O P Q 
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